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Prof. Kftraday calls the doctrine of the Uonsorvation of Bne 
"The highest law in physical science nbich our faculliea permit ut 
porceive." Prof. Steele speaks ot it as " The grandent luw nature of 
for the contomplaiion of the hunaan tnind," Dr. Youmaris akuic 
'"the stupendous reach of the law," in ihe following eloquuni wor 
"It mighi well have been proulaimed the highest luw of flU scienci 
the most far-reaching principle thai adventuring reason has discuve 
in tne universe. Iia stupendous reach expands all order* of exislei 
Not only does it govern ihe movoments ot the heavenlv bodies, bu 
presides over the genesis of tbe conatellutions ; not only does jt ci^nl 
tnoae radiant floods of power which fill the eternal spaces, battii 
warming, illumining, and vivifying our planet^ but ii rules the ucli' 
and relations of nen. and regulates the march oT terrestrial uffa 
Nor is its dominion limite'^ to physical phenomena ; it prevails equs 
in the world of mind, controlling ali the processes of ihnught and fi 
ing. The star-suns of tbe remoter galaxies dan their radiations acr 
the univeise; ami although the distances are no prulound thai ttundr 
of uenturies may have buen required to traveme them, the impulsee 
force enter tbe eye, and impressing an iti<.mic change upon the nvr 
gives origin to the sense of siglit. IStar and nerve tissue are pa 
of the same syatem*-Btellar and nervumt forces are <« related. N 
mote: sensation awakens thoutfht and kindles emotiiiii, so that tttis wi 
droas dynamic chain binds into living unity the realms of matter i 
mind through measureless amplitudes of space and time." 

And these learned men do iioL over esiimaie the profound imp< 
ance of the doctrine; for it not only underlies, modifies and ileieinm 
the scope and value of all science, boih phyeicbl ai^d metuphysicul, I 
of all religions as well. It, therefore. It is true, it le one of the grand 
and most vital of all truths j '.{ in any respect erroneous, it in, so far, 
moat dangerous of all en'ore. 

From the moment of ita promulgation by Uayer and Grove, it I 
been treated with a partiality and tendeineen accorded to iio other t 
«ntifio theory of modern times. Instead of hesitating, di^ubting, sen 



J and investigatinSj scietitislg Beam to have b;en caplivaled, if not 

3d, by the magnitude and grandeur of ibe thought, and to hava 

Hn a race, not of testing, weighing and reasoning, hut of piling; 

gument to support and demonstrate the hypothtisis ; so that, »l- 

Irom the very beginning of the disom-jion, it has set' led down in 

tientific, as n'ell as in the popular mind, upon a basis quite as 6^ed 

olid aa the doctrine of Gravitation itself. 

may, therefore, seem pre Bumptious in any one, at this late day, lo 

iae, doubt or qu'tslioQ its received principleB. Uy apology for 

; so, however, 19 to be found )n a aaying of Galileo's: "In ques- 

oC Bcionco, the authority of a thousand is not worth the humble 

niDg of a single individual/' 

he aim of this HtUe [iamphlet.ia BoLto. txace aut-and deSn^ the 

dariesof the doctrine, but, to* d^nonaPrBtattm Itris bat of partial 

imited spplioaiUon, neither broad' enough, nor well enough esub- 

i, to form a safe basis for any philoBOphica! system. 

: the doctrine is true in all its length and breadth, as taught, it will 

investiftation, and its supporters can afford to be patient wilt cril- 

i; bni if, as is bore contende*, if is- only llmitedly ao, tbeir everjf 

est of batastiity demands the most BBtartikag discuBEdon- of th9 

e BObjoct. 

Issxoo, My);, August 14, 1878. 
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Till) (ItK-lrine of ihe Conservation of Foreea inclttdea the fo 
|,n.|>u>i(i.,t,s: 

/. iVo old force is ever lost. 

3. Ao new force is ever qeneraUd. 

S. The quantum of all Ihe forces in the universe remainjcomtan 

-i. The different forn-s of joree seveialli/ metamorphose into eac 

I'rot' llulmholiz snyB : " We arrive ul the conlusion that 
lie u wIidIo, p.iSHesBo- a Hlore ol force whiub cunnot in trny way 
(;t'u;iKed or djmfni^hed, and that, therufore, the qauntity of for€< 
Liire ia JuatiiH eternal and unyftei-iiLil') aft the quantity of matte: 
])ri!i>9ed in lliitt form, I have named the general law ' The Priiicrpa 
iJ;iri.-.erva",ion of Foreu.' " — Interaction of Natural Forces — T: 
Translation 

Prof Grc)ve siiya: "Now tne view which I venluro to sv 
iliiil force caiinol he annihilated, hut ta merely sub divided or alt 
ilirL-ctioii or i^hurueter." — Correliation of Physical Forces, page 27. 

Force is that which produces or tends to produce, or resists or 
rcfiH motion or pressure in matter. 

L'rof. yrovu defines it as " lliat which produces or resists ni' 
(l'..s» 19.) 

lim miny writers seem to use force interchangeablv wilU motn 
oriier lerms. Thus we are Homctimi:s told that heat in a fori 
sometimes a mode ol motion. Prof, Steele says : " What is the 
of force, we cannot tell. We thint it to be a mode of motion." 

In January No., 1878, ot Popular Science Monthly, in an arl 
the " Logic ot Sciences," Prof. U. S Pierce says : VVhelber wi 
lo say that a force is an acceleration, or that it causes ao accele 
IB a mere question of propriety of language, which has no mor 
with our real meaniug, than the difference belween ihe French 
' II fait froid,' and Us English equivalent, ' It is cold.' Yet it 
prising to see how this simplo affair has muddled men's minds." 

Now the faot is, that the term force never does, aud never cai 
" an acceleration ; " whilst often, though not always, by any 
it may mean " the canae of an acceleration. It la tbe cause of t 
.and when motion is accelerated, it is tbe cause ot acceleration. 

Inertia is that property of matter which Tnakes it susceptible to tlu 
of force. 

The condition of matter uninfluenced by force is that of rest 
tion is initiated and carried forward by forco> and ceases wbei 



ceases to act. There can be no motion y^o*» there is no force acting. 
Motion is destroyed, not by the application, but by the withdrawal, of 
force. The received doctrine is that force initiates, chansces, and de- 
stroys motion, bnt that it is inertia which continues motion; that motion 
equally with rest is the normal condition of maitei. Inertia is thus 
made a propert}^ ot matter, by virtue of which, unicillujncii by (m'tie^ 
it rests or move8 indiffereiitly. Tliud in SieeiiiN '* Fourteen Wetjks in 
Natural t'hilosophy/' page 25: ^* When we tr}' to start a heavy wagon, 
it requires a great effort, because we have to uveie(»ine uh inertia, 
which tends to keep it at rest. When the wagon is in motion it re- 
quire? as great an exertion to stop it, since tlien we have again to over* 
come Its inertia, which tends to lieep it moving.'* 

This notion of ineriia is a necessary consequence of the definition of 
force which makes it the originator, but not the continuer ot motion. 
By the universally accepted doctrine of force, it is shorn ot one-half 
of its office and work, neees'^iiati ng the imposition of iho other halt on 
some other agen y. Hence ii come** that thai burden has been laid 
upon inertia, and the two agencies, /orcd and inertia are youed lugeti*er, 
in scieniiH** ihoui^iil anl exprosdion, ti» do the proper work of force 
rtloiK^ Ami. n ii onlv will ihe truth of this pr(»positioii appear contin 
nu.lv, ;ts we piog t*s>» vvnh our argument ; hut it wiil be seen that the 
abuse ol hntgUMge complained ot lic:^ a( die hoLtoni ot a vast aiuount 
ot scientific error, including iho <iocirine which it is the business of 
these ])ages lo eonlrovcrt. 

§ 1. All motion is produced and continued by force immediately in the 
movinq matter ^ and acting upon it. 

Force does not act at a distance, but only when it is nnmediat^^ly 
present. This principle is universally recognized in in ^chanics, and in 
the common ex|)erienoos ot pia'^lical life ; and it is only in the realm 
ot science that a coi^trary notion obtains. 

§ 2. Grmt.t(Ut.on /x a tore/, in inattery dricinj^ or tending to drive its 
difftient port ton>i towards each other ^ with velocities inoersely as th'.^ masses 
and squares of the distances. 

This grandest law kiiown in the d<»main of physical science, is Sir 
Isaac Newton's great discovery, except that he locates the f«^rces at tho 
wrong end of the line. He says ^fra?^?, instead ot drive. He makes it 
an attf action, instead of a propulsion. But gravitation is not reconcilablo 
with a drawing or pulling forc«, and attraction of araoitation is a mis- 
nomer. The error arises troin supposing thut a force resident in ono 
body can act upon another and distant body, in disregard of the first 
law above. Newton, however, did not believe that a force can act at a 
distance, except through some agency. Thus, he believed that the sun 
attracts the earth to him, through the use or agency of some interveniDg 
ethereal, or other medium. 

Laplace seems to have entertained a similar view. And^ mdeedj 
when the mind giasps the subject with logical distinctness and precis- 
ion, It is impossible to think that a force wholly resident in the sun can 
draw the earth to him. To enable the mind to form a clear and defi- 
nite notion of an}' such action, the force, whatever it is, must be con- 
ceived to, in some way, take hold, as it were, of the earth, and act im- 
mediately npoii It. Tfiat is, whenever the mind gets a precise notion 
ut the moto i ol any ma^s <^t matter, it necessarily thinks the moving 



k>rM present in tba moving body, and actiDg upon it, ftodnotf 
wbere. The error (jomes, tberefors, from indistinctDesB of tboaght ; 
it well illustratea Dr. Wbewell's doclrine : that the great aonroe of ei 
in scientific progreen, is obscuntv ot thought. 

MucI) of the fault lies iii the misuse ot the word attraction. Whi 
man is attracted to make a long journey, for the sake of the gold he 
peels Lo receive, the power o'TVnergy is in him, and only a directivi 
<JulermiKii>g of such power or energy in the precLOU!! metal. The g 
doen nothing, can do naihing; its concept in the mind determines 
wi<t<i>n ol tlie man ; and inie is all that is meant by attraction, Jc this 
Mianee. But in physics, it can properly have no wider meaning, 
ibe mngnoi, itHhouiil mean a directive quality, determining the actio 
f'lrcfiM lit KurroundiiiK objeues. In the earth, it shualil mean a qua 

• l<^itirmiiii(ig ihu aciiuii of foi'oee resident in surrounding matter, as 
iiMitKi, uixl luneHtrial objects. It never sl^ould mean, a force or ene 
u^»g 9ui t'rt>m lilt; body townrdH which ih*- motion exists, drawing 
.n..vi.iR ..bjceiK lo n, 

li.ijU^rRATt.Ks, — I. Uail-("io«i«b fall Uy the (oree of gravity; 
Ki'iiii'il Uitv wliHse huad m p«lied by ihein, and the larmer whose cr 
i.iii liriiH'!! Ill ihe gi'ouiid, u^JicH rucognise t/tat force as being in the I 
'••i! tc^-d(oiiia tliciiiHelreH, htiiI itol in the carih heneath. And tb 
t'v' Niiiv.'»iiii i..gic-uipd iHnguKgc of <^.itiimi>n experience. In pract 

* lo Kit'l LJi'Xii-lii, iiu mull ever liicaii-s ihe tiiroe ul' a lalling body a 
wlieiv oIm- lliun in the body itself. It is only the sctuniific though 
tne HuiHiitific mind which can accept such a logical invertion. 

2 Koree may be drawn off from failing bodies, and communlca 
t-o oiher bodieH, pruducing motion in tbem. When a stone falls tnt 
|j<i(il ot water, not only (4 tbe whole pool thrown into andnlations . 
u'KVfH, iiut tlie water i»i thrown up in drops aod jets, from all around 
i<'<\ia of impact. 

3. Fulling, water communicates force to the factory wheel, 
tiiriiuiflt jL to spindle, shuttle and forge. Would any one say that 
tiifn' 111 (itJH iiiHtunce Comes out of the earth, instead of out of the fall 
. tjodi««? 

The profier dednition and location of gravitation as a driving, 
Mtead of a pulling force, necessitates the change in the expresaiun of 
law governing it, so far as dependent upon mags, from a direct pro| 
tion ai iciven by Newton, to an inverse proportion. 

Tlie iuw, so far as it is dependent upon distance, that is, that gr< 
t-ition H inoenelif as thf- iqarex of the diataucei, standi in direct.con 
tiictiri.i III ilie proposition in tbe -Joctrine ol tbe conservation of ton 
4iiui, n.i new lori'o is ever originated, in whatever light gravitation i\ 
be viewed, wht^lbor as a palling <n- a driving, a constant or a coDSlai 
I eeeived f.iix'''. Por, eiirtD's gravituiion towards ihe sun, ircieases .""i 
, a»plielion lo ponlieli'in, and decreK-es from perihelion to uphelion, 
<;ot'ding to the law, and ihofrcx with which a cciinet is held lo 
wuM III the diMiance of Mercury, is 5,818 limes nsgn-iii us m the dima 
,«ii N.ypiutiH. Now whence comc!H ihtr. [nciva«.'(l iiniount <tf loree, i 
. tvliiM liv<:..in*?ii <it itf The doctrMu ban n.it :iMci <-;mii.<iI iw<-oiinl (or il 

I'm). t'""r,i'(av' rec igiiiaed the cunuailieli-ifi j m■v.■illll'l^•^c, music 

,,,iii tfii'UgiiL IIS he always was, and cari-tu! \u iiM'K.sli<;ali(i'i an he usiiu 

wu', Il 1 (iielcrred (ho illogical an'i iinphilust'jpiui.J. iivourn.' of f-upjins 



^ome nfiknuwn laws and properties of gravitation, which will, when 
diKCovereii, explitin ihe conirudiution, to admitling a dcubl of the Con- 
iicrvtilion iheory. 

§ S. The gravity with which a body falls towards the earth is a contin- 
vovsly receivtd force, equal increments in equal times. 

Thin m praven by the taw ul tailing boUien, [bat distances fallen, wiU 
be as Ihf squares of the limes. 

Whenever il la adniilted, ihut mnhon is produced by a force imme* 
dieiely present in a im ving bndj, ibe ctniclusiun tolio<VB^ that put 
c-hiinge of Fuch motion, is a coiiet-quence at h corre»>ponding ebaogo in 
the lorce prudDciiig il. An incrfuRe oJ million meanB an increase of 
force ; »tni where the incTeaee of motion is unitorm, as is that of lalliog 
bodies by the rule referred to, so must the increase of the causing force 
ho nniform. At ilie end of the first seeimd, ibere is u force/in a talliD|; 
body equal lo the proautlion oi 32 feel of motion in one eecond, and 
were there no imifiise of lorce il would lall at this rate ibrougb any 
length ■ f time, liut in (he second second, it receives the eume umonDl 
of force an m the tirxt, srd an equal amount in every succeeding second, 
wiih a corrcNpondtiig unilorm accelerulion ol moiion. 

^ 4- -^ ^o'^y ct lest receives Gravity continually, equal increments m 
eqtial Hn-rs. 

'■_§ 6. (itavity is constantly trammittfd from all bodies at rest, in the 
form of weight or pressure. 

The^u Ihws mutually presuppose and depend upon each other. 

Illu8TBATIii»8— 1. Four one-pound weights, resting upon each 
>ther, will weijjh four pounds- Thl^ cou!d not be the ca<e, did not tb« 
t|iper wi'i^ht coiisiantly transmll the prosaure of one pound, through 
the middle two, to ihu lowi^r nne, and through that to ihe scale beam. 
£ni ircoiiPtunily Iram-mitled, it muni b( in liKe manner received. 

2. I put II iwiity pound weight in one pn'f^of a grocer's scales, ^ 
and hiilance il b}' ihe pressure of niy liand at the other end of the beam; 
iliix 1 do for a lenglh of time until my arm becomes faligned and ex- 
hausted 1 then balance <he fcale with a otr of iro^i instead of tny 
blind. Now, it is clear that graviiy in the iron, Gils the t^ame office aa 
did Ihe muscular energy of my hand for which it is substituted. The 
hand ti'fiiismitled energy a» is ohown by its exhaustion; the iron must 
do Ibe same, else it would not fill the place; but if it transmits force, it 
must receive il, else il wonid lose iia weight, and cease to press down- 
wards. 

ft. When a weight becomes loo great for its supports, as a bonse 
for its pillnrs, Ibe supports are crushed and Ibe weigbt falls inatan- 
taneously. 

4. '1 he pressure of the weights of a clock runs all the macbineiy. 
The force of gravity in the weights, is transmitted by means of cords 
conlinuonsiy to the wheels, else they would cease to move; bat this 
transmission must be coniinuously supplied, else they would lose their 
weight, and cease to have force lo impart. 

5. The two propositions extend and apply to all terrestrial matter, 
ft Is all continuously rec«iving force in the Form of Gravity, and all 
that is at rest, by wnicb I mean, supported, so as not to be talliof^ 
towards the center of the earth, is as constantly transmitting Foroejia 
Ibe form of weigbt or pressore. 
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6. One term of the doctrine of the Conservation of Energy is here 
continuously contradicted, for one form of force, at least, Gravity, i^ 
coniinuouBly generated. 

7. So must one of the other terms be, in like manner, conbtantly 
contradicted, for, either there must be a vast amount of force contin- 
uously lost, or else the sum total of force in the earth must be constantly 
augmenied by ih'c quantum of continuously received gravity. 

§ 6, In all bodies at rest gravity is constantly received and transmitted 
ill equal quantities, 
I . Were this not true, th<3 weights of bodies would vary, becoming 
i^jA^gieiiier or Iwss as the amount of gravity received siw^U be greater. or lees 
iiian ihai transmitted. 

§ 7. Force is measurable by the product of the mass of the moving 
body into velocity. 

This is the li^w ot the text books, and is stated repeatedly by Dr 
jHalfour Stewart, Elementary Physics, pages 14f 27 , J/S, But Dr. Mayer 
takes Uio product ot the masfi into the square of the velocity as the 
measure of force. We shall hereafter see that Dr- Stewart and the text 
boolcii are right. 

8ince the days ai Galileo momentum has been measured t)y the pro- 
<iuel ot mass into velocity. Therefore the measure of moving force and 
incnienluin are the same, or ni other words momentum measures force. 

liut, while Dr. S'-cwart liolds that lorce :»nd momentum are propor- 
tiotial lo the product of the mass into the velocity, he at the same time 
<'laims^ that thtvre is another factor, which he calls Energy, or *^Capac- 
iiy tor Doing Work/' and which is proportioned to the square of the ve- 
locity. And Prof. [lyndall sa^s : *^ The measure then of mechanical 
< fleet, is the mass of the body inultipiicd by its velocity;'* calling that 
*'.\jei-hanicat Etl'ecl/' which Dr. Stewart calls ^'Capacity for Doing 
Work.'* 

Now, wiiat is this fnetor which is ricither force, motion, velocity, nor 
jnorncntiim, but whioli varies as the square of any one of these? for^ 
«nass rcmaimntjj constar»t^ when w-e double the foroe wo double these 
oiher terms, but quadruple thi« factor, called Energy, or Mechnnioal 
Effect, 

Suppose a bull ot mass 1, acted upon hy a force 1, it will move with 

%\ vcHncity 1, and a niomeniuni 1. N^ow let it impinge upon another 

hall ot like mass, and it will ijiijjart the same motion, velocity and mo- 

%\\ )Mtiiiu Ili^ro the m 'chriiji"al etfect, or work done, is the moving of 

iiiesecmd ii:i!l, that is, tlie irupartaiion of a moving force to it. But 

lot lUe.f »rce acting upon the drst ball be doubled, then the motion, ve« 

iocity,an(i momentum of that ball will be doubled; but the mechanical 

<ef^*ect, or work tixeric-d on the other ball will be quadrupled, that is, th« 

htfcond l)ali will move with a fourfold velocity and momentum, and if 

it strikes another ball of like mass, the latter will be driven forward 

Willi a v^'locitj awd momentum of 16 and the fourth ball struck would 

move with the ve'cxity <»f 256, and so on. 

i)Ui as loive is measured by the product of mass into velocity the 
value oi the force acting upon the first ball is 1 multiplied into 2, equal 
"1) on I lie second 1 multiplied into square of 2, equal 4; on the third 1 
niulti})lie»i into Uio square of 4, equal 16; and on the fourth 1 multiplied 
into Uie square )f 16, equal 256. That is, if the law is correct, simply 
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oaQBing bodies to impinge upon each other aaccessitely, mBlliplieB foroo 
with extreme rapidity. 

Now It is true that Dr. Stewart does not call this maltiplied efFeot 
force, but energy, yet it is also true, nevertheless, that it filld the office 
of force, in producing motion in matter, and therefore, Alls our defini- 
tion of force. 

Again, if Dr. Stewart and Prof, Tyndall are correct in this propoai- 
tton, a horse runtTingai the rale ot twenty miles per hoar shonld be 
able to carry a Tund iwen-y-fivs limes »■» great ne when walking at the 
rate of only tour miles per hour, and wo should be able to croate 
power «t will. 

Dr. Stewart offers the following arguments in support of the prop- 

1. A riflu ball does greater execution than the recoil of the gnn. 
Bill this only slinwa thai Ihw penetrating power, which ma? be t> very 
liffiTiitii ihing from the mechanioal effi«ci, is {greater, A ha'l with rapid 
iiKtioii will puMKtraiu tlie dettpur, hut when moving leas swiftly it will 
ear iitkI n^uti ihri more. Did ttie stock terminate in a point no broader 
.bun tliu bull, the difference would not be so great, it it terminated 
n a keen knife blade, perhaps it would be about as dangerous to stand 
It one end of the rifle as at the other. In the next olace, the velocity 
if the biill b<>i"g grt'ut, there is no time for its momentum to be com- 
niuik^tod In the nhnle object struck, and it is spent in penetrating it, 
vhilsi, wJLli the heavier stnt^k, the velocity being small, ttiere is tiroo 
or the force to be communicated to the whole body, and the effect 
H a jar. 

2. lie thns states another argument in support of bis position : 
L kilogTHminB shot upwards with tne velucity of 9.8 metres tn one sec- 
nd will be brought lo rest when it has risen 4.9 metres in height. "Wo 
re, therefore, entitled to say that a kilogramme, shot upwards with tbo 
elooity ol 9.3 metres per seciMid, has energy equal to 4.9 inasmuch as 
t, cnti raise itself 4.9 metres in height. 

" Lee us next suppose that the velocity with which tbo kilogrommo 
I shot upwarls is that of 19.6 metres per second. It is known to all 
'hr> hiive studied dynamics thiit the kilo)i;ramme will now mount nob 
nly twice, but four times ns high an il did in the last instance — in other 
'ords it will now mount 19,6 metres in height. 

" Bvidently, then, in uucirtlunee with our pnncipleN of measurement, 
le k:lograii^mit ha^ nnvt lour limes a* much energy as it had in the lant 
Ktance, becauie it Ciin rmse itxelt' Inur times as bi^^h, and therefore do 
>ur limits :ix mii'h wnr.;, iiud liiux we see that the energy is increased 
lur times by iiouiiling thd velocity. 

" Had the initial vejncity been three times that of the first instanoo, 
' 29 4 metres p^ir secnml, it might in like mannei be shown that the 
sight attainel would hiive been 44.1 meires, so ihat by tripling tlie 
sliicity the energy is increased nine times-" — Conservation of Energy , 

iw is. 

But the tacts iiiven are a necpsasry deduction from the continual fii- 
ement of gravitating force. The kilogramme when shot up with th* 
tincity of 9 8 metres per second, will or.ly rne to the height of 4.9 
^•rcs, biTtiiisi' it iM ai| the limo ruturdcd by BUccessive increment* ot 
•iiviiy, in <]ii:i-iiiiy «ntF.t-iri,t lo currj il lr^m a slate of rest, to 9.8, m 
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tho samo time; so that ita average velocity apward, ia the mean betwsi 
and 9.8 metres, to-wit: 4.9 metres, and to that height It will ascei 
during that second; lia p i o g aA ito ond; a roMaJHiBg r eluUlji uf Oi 
v thi ab. w il l um i j ' li t^ - W in Hiu fu^ro a n i po t BH eo . When Bhot up wi 
three times the initial velocity, to-wit: 29.4 metres, the retbrdation 
in the drst second will be the same as before, 9.8 metres, the av«raj 
Telocity for that second tbe mean between 19.6 metres and 29.4 metn 
to-wii: 24.6 metres, and conaeijuently, the ascent tbe same, 24,5 metn 
with a remaining velocity ot 1!>.6 metres. In the second second, tbe t 
tardaiion m tbe Name, 9.8, the average velocity 14.7, tbe ascent 14. 
«nd the remaining, velocity 9.S metres. In tbe third aeoond the retai 
utiun will be 9 8, the average velocity 4.9, tbe ascent 4.9, and tbe i 
maining velocity 0. Now tbe sum of 24.5, 14.7, and 4.9 metres equt 
the product of 4.9 metres multiplied by 9. 

Prot, Tyndall uses the same iliustratioa ; " Now the work done,- 
or, us il la Boraetimtis callea, the mechanical effect, — as before ezplaine 
i« pr<iportioniil to the n»ight, and as a double velocity gives four tim 
tile heigiit, find ao on, it is perfectly plain, that tbe tuechanical effect i 
vretisos aa the square of the velycily." — Annuai- of Scitntific Discover 
1865, page 10^. 

Il -leeniii vory strange thai these great thinkers should not have p€ 
ceirud tht) true cuu^e and principle <ff tbe retardation ot ascending boi 
tea ; that they sliuuld nut have noticed that it is strictly the result < 
meuUtJg and overcoiuiug equal amounts of resistance in sacooasive ss 
Odds uf tune; and that it ebould have escaped their attention that tl 
amuuiit of such resistance overcome Is strictly in propoilion to the v 
louiiies; that when ihe upward velocity iBS2 leet, the resistance overcon 
in una N>'(iund ot gravity; that when the velocity is 64 feet, 2 seconi 
<ii ^ritviiv is ovtTcnme; ai'd thai when tbe velocity is 9b feet, 3 secQn( 
4il gravity is met and balanced. 

It is readily to be seen, however, that tbe error has arisen by the 
taking tbe height sscendea as itie whole measure ot the work doO' 
Tlie resistance of gravity is the same in euch successive second whethc 
tite upward velocity be great or small, and the upward motion will coi 
tinue until the projectile force is exhausted by such resistance. But tbe 
tiawe wbi/lly overlooked this resiHiance. 

The same error ts repealed in getting a unit of measure for worl 
Thus Ptof. Tynd^ll eays: "Tbe absolute amount of work done depenc 
Holely Uiton two things: first of all, on the quantity of matter that ) 
lified; and, secondly, on the height to which it is lifted. Page 103. 

And ill Elementary Physius^ page 101, Ur. Stewart says : 

■'If a kilogramme bo raised une metre high against the foree of grai 
ly, wu may cull it one unit of work, in which two kilogrammes raise 
one metre high, or one kilogramme raised two metres high, will rep 
resent two units, and so on, We have, therelure, only to multiply th 
iiiimber ot kiliigrammes by tbe vortical height in metres to wbich the; 
Hreriiised,Hn<i ihu product will represent the work done against gravity.' 

Now, il Is very evident, tliac an important element, to-wit, time, i 
It'll out. There is twice as much labor i>i holding two pounds in th 
li.iiid as one pound, fir the same length o' time; but there is a hal 
more work in hnbting one pound three seconds, than in holding tw 
p lu.itis one swond ; Ho that tbu'iime of the ascent must be considered 
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jaase the gravity to be ovorcorne la as the tirao. The laws for the 

laauremeot of work done are obtaiiiablu on these principles. . ■ '■ 

I shull ulto for tlio nmasure of liraviiy: 

5 8, The mloaity attcKfted by a body f alii nq one second, to wit : 32 1-6 

t or 9-8 metres. 

The Work done, that is the pressure exerte'l by a body at rest ia one 

oblem while that done by movin'; bodies involves four difteront prob- 

Thfl first case ia sUtit^al — work done by a bodv at rest. Here there is 
iraiisliHton ilir.iuf^ii space, bul uituplj' proaaura or wiiigbi. We havo 
ihiii^ l.o il'> Willi iD>'iii"i but only wiili ynivHy And as equal incro- 
!iit» '.f gruvily are reeeived and passed otf in the form iil prunsure in 

g !). lake the jtro'lif't of mans iiit:i (ir^trity mul that into thiii; 

ThiM if mass hi; 10 lbs* and lime 4 b^c.i, U, we huvc for work dono, 

iiltit>^' iViii-tion^ : the »<tven<l pn..ltti-l nl II), ;i2 and 4, equal 1280 lbs. 



lut th.it iuto Hie ^q^ 





■Til 


ri,ii 


"■' 



^ find lii.^ dUiain-e l.y iho Inw 
ivo till; jifuducL Ol 10 na»'2M 



Mill,' over a floor diee will) iliesune v.-loiiiy >.ii.J l„r iiieH^^iiie Utile, 
is evident that Us jiresf me i!]..iii the floor while foi|irif,' ovt-r It, would 

pi-ei-isely the saiiui, as if it were at rest Jor llie splint, lime, and o( 
irsH must be fonnd in tb.i siinie way ; (v, iJ we hU]jposu ihe.liull Uti- 
iporied, it will full just n- tiir in ihe'liiiie iis if drojiped perpeiidic,u% 
ly. We liavHthe rule, lh.'i-.l..ie ; 

; 11. 'J'-de the product of ixii"" iulo V'/'^r-ty and that into ttife, and to 
.■ luld the prodnrt of nm.'s )'»'■} •/•'"'•l-.h <""' 'h"l inti iime.. . 
CliUH it we have niiis* anil lin.n us icfi n and veloi-tiy 50 per second, 
,n we iiave ihe ri-vitbI prndui nt 10, .^11 i.nd 4.iii'ded lo llio several 

.duel of 10. ''ii iiii'l 4. I'qiiiil :i'JSO Dps. Jor work <l 

n„. iif XI f-iise IS tb.it of a bo h -novtnsr i!|>>v, i.,|, fund-r ii nniformly 

,|,,.,1 ;orci ..s of t.tcuni or iiium^Ii) <,,.d n „>i!ll m..iv intri<'.ile lor wo 

i-,- ,K„ cMdv iriinsliilio.) hul sri-.^vity i t e i.-p.tl, in ibis lliai 

■ n]>vv:n-d force. :-,ot only b.is lo ,,>sisl Mo. Mi,n<.;d in,-»sure ol gruvKy 

,' ,!, ,n ,m,l lo iva,.,anfe to fin ,■ ;i.i,ii,„.,-,| ,.,|,m.| n.,'.,M.r« ol tn-.viiy 
,■ : , .^...r. ni(,iiuN (,iu t,. o^ertonie m t <.iily ilie measure of work 
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wIiTcli it ffoiiM do if at rcat, but lo ncutmliza an eqmv.iloni nnitmnt < 
gi-:,vHy ^a well. 

iiiii Iliis ihint; ip lo be observed : if tlm npvvard vclncii.y is Iphs ihi\ 
t'luvMy, tlio rc-sislaiice to tiiu ujiwiU'd fli^ln la not tlm niil iirnnn.,!. i 
yravily tmt only i^ravily cqiiiil lo tbo vulneity ; ihiw VtrniH :m ii Hiitiilivi 
i'ln ot tlie Ciiso iinil j^iveB us nvo i-ules unQet ii. In tliu first vuluciiy 

§ IS. V-i/iK ih<: },rodii.'^ of nvum into rclon'/ij an>l Ik'it into time, and 
this, odd twire tlii prodift of mas-; info (/Jiiriii/ 'ind this into time. 

'Iliuj4 tuNihg tl>e Siiitia tciiriH wu h-,vu : I'bc H<-vni':>l |>i''Ml>i(-t of 10, .' 
(■md) 4 added to lU suvcral uruduol or H, 10, 33 and 4 t^tiuuls iJSU llj 
lor witrk Ho;ie. 

VViMMi volocitv is less than gravity tho nilw will bo : 
§ /3. Till;!', (wire the product of iiias-i into velociiji nn-I Hint into tim 
and to Ihi^, add tli- prodart of muss into gravity and thi« into timif.. 

Thua tiildni; v.!i.i„itv.il 20 u.id H.o otiicr tin-miiis 1.i.focn wi, b:ivo ll 
sev.-ral projiifi- J ?, 10, 20, «nd4ad.iidt. t e Muvurul product of 10, 3 
niid 4 equaU 2,880 iuh. loi- w-v^ .I.ihb, 

The fir;li iin.bl.'in i> tbiin.fa lii"ly pr -j.-<:ted iipwai-'l. 'Tlie print 
plui^t tbo siiino as in irio last uxcupt ilmt licri.' volooiiy \a unilormly r 
tarded, and our rule is: 

§ 1^. Take the proditnt of m^a^ into averaae vdocity and fhnt in 
time, and to this, add ticiee the product of mass into graBtty and that in 
time. 

But as Ibo terms nsually given nro only mnss and initial voloeil 
time and iivoMgD velot-ily aro to be timrid. Dividing initial volocity 1 
gravity f[\v\:n tiirio of as'^etit, and avorayo velocity ia tlio mean bclwei 

Thus if m'ass be 10 and ini'tial velocitv 128, lime will be 4, avcrnj 
velocity 64, and we eb.ill have the f=ever.il product of 10, 64 and 4 udd^ 
to ibe uevcrul produet of 2, 10, 32 and 4 equ^Us 5,120 Ib». fur woi 
done. 

§ lo. The mon-enfum of a body after havini} fallen any given tiiiml 
of S':e''nd^ will j'ist equal thepressure which (he samebody will transmitin t 
same length of time, if at rest. 

T),.His«mmcqueolupon§§3nnd 4. 

Of oourr-o roforoiiCii is biiil to tbe presniirc of floiidn, and no allo' 
anue is iii:ide fitr tliu resisiai.ce of the aim<>K|)hoi-e In tbe fall. 

Dr. Sicwarl, in Uonsirvu'.ion of Enertry, pii^-e 23, takes adiffpro 
view of ibis law. IIu says . "And now let m nuao ibat ihis suiiie e 
ei';!;v or iiowcr nf doini^ work may neverlhelesM he poc^essed by « boi 
absolutely at real. It, will bo rcimonibei-ud (.\rt. 2<}) that it, one mi 
where a kilogramme was wliot veriie.illy upwards, we supposed H. lo 
Cilugbt 1.1 Ibe summit ofiis flii;lit, and lod^'ed on tliu the lop of a brim 
Here, iben, it rests witboii'. motion, but yet Ofl without ibe pow.M- 
dniiii; .vork,and be:;cu not witboui cnerjjy. For wo know very »•■ 
that if wo let It fill it will strike ibo tiroiii.il w.ilh IM much veloeitv, iii. 
therefore, with as much .ui>-r^'y, us ii. bad when it waa origimilfy ]ii 
jectvd upwar.ls. Or we may, il wn cbunae, miiko use ot Its eneri^y 
a6sisi us in drit'ini; In a pile, oi- uiili/.e it in a multitude of ways. 

"Ill its lofly posiiiori it is, iberefore, not witbimt energy, butlbis 
of a quiet nature, and not duu in tbe l«;iat to inyliuii. To w!i:il, tlie 
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is it due? Wo rcplv, (o (ho poiilion wl.i.^I. llio kilogrammo nonipics -it 
ilio top of the home. For juhL n« n l)r.<ij- i,. motion >d » vury diffur«nt 
1liing(nK rejiardsonor£:y)fi-om n b^dv ai rcsi, bo is a t.ody ui (he t..[. of 
H lioiisn n different tiling from u bndy ul tlie boltom." 

Attain, on pa^e 27. lie g«y«: *Wc luive iIiiih endeavored lo bIi.iw 
that there is an enorgy of repose un well us n \\viiijc energy, an ener-ry 

take place in II weight, nbrit voiiieiillv nj(«;iriis, mn ii cniiiinn,',! ici i-isci 



It filnrls V 



cei.ds. 



[iiH is by riegrces (ill!! lift d into that ol imBilinti, until when it "els to iho 

Inp of Its flii^iit, its oner^tv i« entirely iliie to |,.isilion. 

"Takenn example, let us sui>p,,fie Ili^a a kitofiramme fs pr-.j-^oied v.-r- 

lically iipwirda wiih the veli.cHy of 19.G nitireH In one c.i'-.ind. Ac 

-ording In tho lormiiU ol Art. 28, il coiitaiiiB 19 6 units of ener^v due 

10 iisBMiiHl veJncity. 

"If B-a cxiimine it at Ihe end of one second, wo s'laH find that it hns 

■isen 14 7 metre- in lieiirht, and Uas ik.w ihu v,.|,>,-ity of 9,8. This %-o- 
..city we know (A-1.21JJ den.. les an i.moni.t .,f,i.lnN) ^...rnv equal to 

-.9. while Ihe Height r,-aebed eorre,s,„„i,ls lo an .nier^ry ^i" p.lsiti,.,, 
qual If. 14-6. Tiie klli.jrrumn.e \n,s, il,u.,.(.,re, at this ni ■meni :. i,.|„| 
nerfty of 19.6, of whieh 14.7 units are duo lo j.osition, iir^d 4 9 toac'ual 

"If wo next examine it at Ihe end of another second, we shall find 
liiUii hhs jnsl hecn brought loresi.so ill:.! ii» energy ot mouon i» nil ; 
ievcrlhele,^s, it h.is suceeedeii m r;iisin(j iuelt 19 6 metres in iieielii so 
l.al iifl eneigv of position is 19.6. 
'There is tlierofore, no disappoaia' ce of energy during the rise of Ihe 
ilgiamiie, biU merely a gra.iua! tliai.ffe (n.m one Uin.l lo i.noilier. It 
un-ihwiih lietual energy, and tliis i« g.^ninaliv ehai-gi-d into thai of p„. 
lion, bnl il at any stage of ils a^eenl, w.i „<JJ together the actual «.o- 
rgy, and that due to jmsiiion, we eliall ii:id that tliia sum alwavs ro- 
iiains the same. ■' 

place when the. kilogramme begins ita 
Aard journey with no en.-rgy of motion 
nnum of energy of position ; as it fulls, 
lews, aii'l lis iii-tual energy gre^ilrr, the 
.;m of me two remaining eoiislant ihr.mghnur, unlil, wl.en it is about, 
. strike tbe ground, lis energy ofp.,sili..n h.is been entirely changed 
itolhatof actual motion, an.J It now r.piiroa'lies the ground with tha 
.■I'.-i-v nnfl. thereroie, with the eneigy, ivhieb il had wbcn it was 
riginally ]irojecled npwaids. ' 

1. Ni,w, i.ii tiie iini« iliHL tlio bodv is ascending in ihiB instance, il is 
jceiviiiT gravity wbicii \» utilized in overc<,ming ilie pr,.j,.„ii|e loree ; 

(her. the Dody is brought to rjsi , but gravity continuing to act, it ini_ 
lediately siarls on its desceni, and falU witbiliu rtcceleraied veloci<y 
rnduoed by continuous increments of f<irce, until Ihe ground ie reached 
hen Ihe whole amount of n. euniuhiled force is eommnnicaipd thereid 
I- percussion. At Ihree poJMs, inimodialuiy before ihe b.idy -tari.-d 
i>, at thn hiffhcKt point of asciiiii, an(< alter reaching ti.a grounit, n is m 

.iiCB, it is without force, except ilj.'it of graviiiilioji ins.anianeousjy 
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MPoivrd. Diirinp Hip asccn',it ! nn tlip ffinlinnnnfilj- rc'ardpil pi-r.jio 
fiircp, ami duriii;^ llie desct til, Hie fuiuiTiouusly reoiiived gruviuii 
(ore.-. 

2, Not ptipjinfjo Iwo flonrs Kimii!lflneoiii-Iy priijpfti-d iijiwunls w 
llic F'aiKH v<^l<i<-iiy,lhe ono lurinn^ rn mnl air, in.rl Ni.^ kIIiui- loil^r>-d 
Hie sjime Iiciy;liV on Hie <-df,'P -if n K...I. Th^ )iiMJ,.(.iil,. (,,n-.. if <n;-i;:- 

inead.<il,l(.> by t;i"*'"J-. ""'< "" .■nl-.nl. , in-'y on- ,dil,-(. .i,.s, jl.il , 

(i.tce fl« Ilinij-li noillnT un.j.><-(i..i. .j..|- tiir.i-i'v li»<[ .-o-r imic.I hi 
ihr-n. ■I'liRoiK- laMHiimrn-di.iu-ly, i-L-.iivii,ir -^„^ m .lit,:: iiji i,'i-:.uiy 
rliitt *11 Hit! iimo<.f H.>- d.-rt.'i-iti. But wliiloit i« riilli.>tr,^l"i .iiln-i-,.!- 
Kig on Hi.- I'onf ^(i;:.-, ix al! II <■ itm<- iTCMving ,„• .tiimI iitiiuiitii „l m 
itv, wl.i<li ii i" irtii.Mniiii.ir "lii',tn:li Hi.^ wiills ol Hie litiii-c i>. 
^fouiid beti<-JlHi ; Hi.- <.!;lv .iitf. n-.c- liuiny ili;.l Hni- rrUun* mnl ii<-cui 
I'llPfl Iho force, wliiiu (ii« <illiet- <;(irili.ni.nisly Ic.tiKiiiils it. AInt 
tifSl stone \iu<- Blvucli llii' f;ro.inc!, ihcv ;ii-o .-.jjum mi Hici Bj.in- et,iKliii 
i.-wiring mid lia-sinilliii^' Hi.' Mime iitiHiHul -t fore.., in like Htne i 

i<»if. irf.raiie ^ce.ni.l, h will huve MMiinmiii.-.I :. Urn- ■ H.:,i «■'., 
Iiue« eiirried J! .i..wi.w:inlH IR t'.'et in Hie liitu', il lur mm niJniUe, JL i 
luiwa IrHtiMTiiUed 60 limes tli t am-iiifil of f.nw. 

:l. 1 UiiiiK Hint we Jill' tiow jpri'|iHM'd L<> iitnlerRliirid )t>at n Imdy u( i 
<-iitnif.t be pnsfleased -f eiieiyy, ullier tliini i-'iat (il inntiieiHaiily recti 
iiiid IransmiKod {;riiei(v. Eiintjif nf position cmii ini'un ii.nl.fii<j ni 
limn u coiivuiiirfit simulion (or uiiMzing liie lorw ..t' ^ijitily ; Jusi 

to he itt conFeiiietit position for tiis work, Tlie p.ijiei- weiLilH resnnji 
llie tabic', If 111 i;inii.-«iin!iil jioHdioii tor its ii|t|ifcipriitl.i3 use, and, HdV 
live'y, I Hiiiiixi-e, may b<! said to tiaeeencrjry of posJ/ioa. In ihe hu 
fCriHi tilt! Ii'i.>. M...y be fi.iid of H.e w\^<i ^..iii in i..*iii,.ii. 

4. Dr. Su'wnrl ush^inus in lir>ilie« til re-l, liitptil, sli>red up ener;:iQH 
|ii'iiir acHviiiaa, wliieh, mny iil soma fuiurH tune be made ni do wor:.- 
«nako tlicHi do work i.ri(itiniioiisly in iraiibiniuinfr vuaitnuouBly recur 
jiravuv in Hic form of preefiui"). 

5 He seop-B to use llie word hero, not in the sense of fnree, tio' 
^viiifnium, orpower, nor ye, of motion or v«loeiiy, bul ot sUunilm 
fm^i/tion sitiiply, Hint is, a siliititinn tr <m wliioh Itie torue of jjravity n 
Sict upon it ill produci(i{;<-err.;iiti muiion-i. 

6. Tbii- indufiiiiifl mid indetcrmitmiu use of the word enirgv, can 
preal confusion of Hioufrlit anrl t«nd-i lo wrap tbe aiilij.-el iii HliaJoiv. 

jiowcr, or motion, wbv jiervei-l ils IHO ? If it meiins any of llienc it c 
l.ol mean a position of coinrentetit IHe. Il it niea.is a foree, Il does 
mean a stone, or other bodj". If it i 
]f it rn^ans nioaieniiim, it does not 
It does not mean [lositn.ii. 

:. Tlic expression, ^-n-ri/y nf jwili^n, is a broken eriHeb brought 
Piipport tliedo.irincof tlieei.i.S'TVal!,-)!. ol em-iuy ; ior, il is very <■!.■ 
tlioi Hie proj^c-tde forec with wliii-h the ston.i iist-ends, pa-s"« from vi 
318 r-rcej and, utde^s it ean be follow ed, and a.uned in Mime olber Jo; 
tliere is a f^itul break ill (lie arsam ml. IJiii, us iteanii.it be iraced 
HclUiililV, il" pince is supplied by nnneni'j-. We iiro lold H.tK vvt 
lorce cuwnot bo iullowud a-i icfiic, never .li-'le.-s it c.in be IraecJ in its 



llics's nn:l ii.-j:,\ll.>n, r..ili)wyil hv llii;, •'li.e.refne, iio fo.Tr is orer lost." 

§ JU. nVfiiaiuj milinf'.n,; alts uij.iiu.-t ^jr-.tcilf/ 'f:,^y MuHi.iHy urvr-* 
•M,: .111.1 I, itti-.i!'';: aic/i otirf. 

rojiM;iilo loi'f'' ill llio .■iscei'ilniy j-Idiio l-. intilriilix,;il liy f^i'iivily, whilu, 
. Hid s;irnu iiiii.-, it nemniliKc-s iin oi|ii;>l :>iiiiniiil ol Ihiii liiii'i'. 

Dr. Sn.n-i.ri i„ 111.! :;l...v<- .iij..i.-.i » ,.r;i, pi;.- 7!l, ii-;^s iliis iiliislrft- 
..,.: >■.! 1">.M.,.IUM. f..r i,.......<-.r. nli.'ii :.L lis !„«■.■:<[, |>..i.il, lir.s ..l;Iy 

ic- i'ilo.-i:V nr .,.-i,i..i iiiol'o'., 1-1 vini..- < f wii.Hi il =M>v.,.ls .. .:,^rl;.lii .l.a- 
mt-u ii-^tlnst ih.- l..n-o oi' SJjri.vMv. Uln-ii, Imwov.-r, ii li:i-i ,-.,m|iii:;t-d 

iieciry." 

T'lul. Griivn s;ivs, |>njrp 31 ; "To wimi up :i (.-NkU, a ccrUiin amount 
i ]•.-,■<:■■ is t;x]).vnl.Hl bj- ite unii ; llus lurco is givuii b.iult liy iliu df_ 

I'nir. I.irliii; w^iy, (viir.i 3SS : "Thu inolio.i of a e'ocW is prodiiwd by 

ivu'li 111,' - nii^ nr t'h!v:iii. i),.' w.'i; Ti^ i.rliLC-li is i-\poi.ilei| in lliu rn'.vo- 
ui.i of ilif iviu'Lds niiJ ]„'hj.ini.n >M uvuiiiy-toiir li,.ui-s, or in atght or 
iiirUieti dNV«," 

JI,-rb.-M Si..-iu-.-r, ill t'.rsi Pi-liici|)I.-fl, poijea ]1?4 flni! 1S5, illiiRlrnU-s 
-motiiin;: .)f l!.Of^!iii>o vi.-xv i>y U..! <«iiii;iiij,' or ii ili;iii<l.;liot. SiLys (ic : 
Ir UiMi .'ii'mfiil ill thi! eiiiiii'lt'lifi's molioii of wiiioli iilot.o we <-un iil- 
■i;.! .oLtiriiKiv, is lliuc-OrnWiilioti ot li.u miiMuiiu" . ITorl wiiicl. niov.-d 
»■ cIiMi.il.iiL-i-, " hiU bO(-(,mc« of iliis ul.'muol i.l oiiiu-i- I'sUvmo of llio 
'^■illi.iiini ? Ari^vsl iKo c-ii,iiidiriL-r in lliu iniiMlo of its MwinirandiC 
ivi's a 1)1 .w io llii! liaiid — fxliihits nome ijiiiiciiilo of avIivHy hui-li an 
iisiMi!;ir ofloi-L cnii •livo. lint loiiuli it nl Btllier luroiii^r i.oinl, and it 
inpliiys no Mi:li jiriiiciplo i>f ut-livily. Tliis hds disu;i|).::in'd jiisl aa 
lU'li :iK llu! IrJiMslaliiHi Uiroiii^'li H[}:Lue Iium disappoarud. How, Ilicii, uaii 
1)1-' ali.i^'id iliiit liioiiiffi tile motion throuyli spat-e is ii,.i contiiiuoua, 

*-l'nrji|<-''liniia)ily lUu I'acU ^how tliat llio pri[i.;iple ol iittivily con- 
nln•^, to fxisi niid.THoinu I'orin. Wlit'n not penvpiiMe it innstlitf latent. 
ow is It larma ? A diic Io tlio answer is caitii-d on olisei'vinsj tlic»-C 
niiij;li Ilic ci.iii.iK-Iiur whon j.fizid ill lliu turning point of ils switiy;^ 

ins to pull in till! <ipjioHilu tliruution ; atiit on obsei'vin<r, liii'Diur. lK:it 
s ])iiil w ;;iouL ivlisri tlio switin lias lnu;n iniidi; i-xloiisii'u by a vicli'iit 

ard im.li is iiccompatiifd by lliu- production of uii !iivi,-iblo HClivit^y 

bicli t;onorau-s rliu MiiiM'iiiirnt molii-ii downwards. 

I oHor 111.' Jollowliii: i-xj.lanaiion of i!iis plii'noinCTirt.i : Wlicn Iho 
Mudoliur is pusl.td upw..ids, tbu forw imparloii in- Iholinnd i, wnlinii- 
ll^lv op])oM-diiy [Elavil V, tbo iwo lort-.'w n.utuaily tu uirahz t.^'-ofli olliei- 
mil tin: f..nToT IS L'xbaiisied, wl>.'n ili.- .-ikiuditli. i- ^i.ips ni..iio-.ilurily, 
, :l„>ui;li,i.-iii..Tf.o.'o l,nd,-.,-t.'l up.u, it at all; but -ravity t-o Minui n j^ 

nl.'oil o.-ssaii.ui, il l-.iis vvilli acf.'lir i.l v.-b.,-iiy to llio lowest p.iiiit 

[■ ilK-aiv, by wbidi tiinu il h;.s a. ti)ui.n<.'..r d f,„c'B ,-iim.-i.'iiL u, carry 
ii^'Titiis;. l!u': now rraistiiit; f-lavi j, tij tbc iii-licis! poiiil on lb.; i-llnre 
do, tb;tL is, uuiil .Ik- aL'Cumuhud l.;i-ui; of i;i--v!iy is uxl.austfd by th© 
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refiistance of coiitinuounly received ^iMvity ; when it momentarily i*®^*^*' 
without motion and itevoid ot force, i\^ Hi tlie former hio:hest point of 
oscillation ; hut gravity Blill continuing to act, the same proceps la re- 
peated in vibrat.i<,rirt fr<im side to siiitt ; in the descent, gravity beirig 
accuiinilated, an J iii the a-tcerif, tlie accnmulntion mutually neutralizing 
arui heing neutralized by coleinporaneotislv rtU'Oived gravity. 

*'The principle of aciivi!>',** hy which muht t>e meant the force wifh 
which the chandelier moves, does not beco»ne latent, but is resisted, 
overcome, and neutraJizeii hy gravity. For, il the push which carries 
I he chandelier up to the first hightMt piint oi oscillation, is there made 
latent, for anioment, to roappoar immodiateiy and carry it down lo the 
Jowotti point ana up to the other higiiest point, vvuat is irravity doing 
during ihe ])roces8? I><ies it not pull agiinsi the upward push and 
pull with the downward pu'l, and against the upward swing agair.? If 
4iot, what neuirallzes it ? 11* -so, what account does Mr. Spencer's theory 
lake of il ? 

M. Aragosays: '*Whon the pendulum deviates from the vertical, 
the acHiofi (»f gravitv t)ijngs it bacK." 

The pull is greatt'st wlien ihe swing is greatest, because the cnande- 
I.er, osciHa ing from a higher point, falls more directly downwards, 
and ih« action <»f gravity is thun more direct. Oi» the name principle 
rests ili« fiKt that the owtillations will be made in the same time, 
whether through a greater or lesser arc. 

Jn the illustrations taken from Profs Grove and Liebtg, if it is the 
stored up museiiUr energ)' which runs the clock, what becomes of 
gravity? What do*)s it do? It cannot be denied that it acts all the 
I mn, and directly on the weights, and that the weights all the time 
pull directly down on the cords, for ihey keep them teiise, and if the 
Utter be cut, the weights fall, and, as little can it be denied, that \t 
is this pulling of the cordt that keeps the wheels, pendulum, and hands 
moving. But if all this be so, how can it be said that the motion is 
}»rodu*^ed by the stored tip energy of the arm which wound the 
clock ? Is It not very dear thai such thihir cun be true, only figura- 
tively, and not reahy at all? 

In winding the clock the muscular energy of the arm is exerted 
iigainst tlie gravity of th& weights, the two forces neutralizing each 
<»lher all the time of the process ; aUer whicb gft^^lty continues to f ct, 
u part of it being expended in driving the weights towards the earth, 
but A much larger portioo in running the machinery and resisting the 
rneehanicat contrivances by which the motion is toned down and reg- 
ulated. 

Dr. Mayer distinguishes force into ** two species," which he calls 
motion and falling force. He says, page 343: **Bv 'tailing iorce,' wc un* 
^ierstand a raised weight, or still more generally, a distan<*e in space 
lietween two ponderable bodies." On page 345 he sa3's: "Whenever a 
^iven quantity of falling-force disappears, motion is }>roducijd, and by 
I he expenditure of this latter the falling-force can' be reproduced in Us 
original amount. 

'•This constant proportion which exists between falling force and 
motir>n, and is known in the higher mechanics under the ^name of Mho 
j»riiiciple of the conservation of vis vira,^ ^fty be shortly and fitly de- 
t4ot<;(J by the term transformation.' For instance, we may say that a 
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planet, in passing from Us aphelion lo its perihelion, "trar.sforniR a pa r 
of its ialling-iorce into motion,, and, as it moves awny Irom the sun 
again, changes part of its motion into fuUinss'^foree." 

Dr. Mayor's falling^force seems about equivalent to Dr. Stewart's 
energy of 'position^ but it will be noticed that it is not force or motion or 
momentum that Dr. Stewart's system conserves, but energy^ or the ca- 
pacity of doin^ work. Dr. Stewart does not say, therefore, ihat the 
force by which the body is thrown upwards is conserved, but that tho 
eneray, or the pov»er of doing work, subsists. In one aspect they are 
more, and in another less logcnl than Dr. Stewart. When it is nhown 
ihat forces are neutralized and lost, Dr. Stewart can saj' yes; but my 
<loctrine 18 not that forces, but energies, subsist. But they can reply, 
ener;iries ot what ? Ol forces ? If so, how can a quality subsist .vbea 
its subject is lost ? 

But let ns return to Dr. Stewart's illustration of the projected fitone. 
He sees, not the force in fact, but the energy of projection tianslormed 
^n\.o energy of position) mlo rest upon the bouse top. Now the firn' 
query IS, what becomes of the projectile force itself? Its energy i« 
subserved, but what becomes of its substantial self ? The next ques- 
tion is, what bec^>me8 of either thojforce of ^rraviiy or the energy of 
Huch force during the time of the descent of the stone ? Neither Dr. 
Stewart, nor any other writer that 1 have Heon, taUch any notice of \^. 
The upward projectile force they try to save; but the equal downward- 
drivincf force of gravit^'^ they ignore. 

In the third place, the tangible, definite existence of the projectile 
force is metamorphosed into an intangible place relationship — a real, 
active, essential existence, into feet and inches, this way and that way ; 
esBontial reality into a nonesfsential non-entity. 

In the fourth place, pono of the theories make any disposition of 
the gravity continuously received by the ntone after its lodgment. It 
may rest on the roof minutes, d«ys, or centuries, and ail that lime it i«i 
continually receiving and transmitting gravity through tlie roof, wuIIh, 
and foundation stones of the house, but no acc«nnt is taker, of it all 

The fact Ih, that both Dr. Sicwart and Dr. Mayer virtually beg tho 
queation and abandon the artT'im^nt, wnen the one mnkes diHianoe, an<l 
^ he other position, simple intangible space relationships, corrc-lalions of 
living, active forces. Tho utarllinjr proposition that Force, ono of tho 
^ wo ^rand factors of the tJnirerHe, a* u Space, a simple intangible form 
i»r mode of exlstenee, ma}' pas8 interchantjeabl}' into each other, do- 
min Is sornetliini; more than a nuMo plausible theor)' to support it. It 
»«eedH explanation of how it can be, as well a-^ evidence that it is. Not 
only ROi but when stripped of obs(<iiritv of expression and set forth in 
clear and prectise terms, the mind at once recoi/mzes its inipossibiii ty. 
For, accord in ij to llamilton'?i doctrine of ibo conditicKie'?, when \v« 
have once thoiiirht anv torce in tjxistence we cannot think it out of ex- 
istence, tor that wonI<l bo to tnmk tho noiliingness into winch 'tslionM 
piss. Xo tn'^ro can vve think it tran»*for^«ied into anv modal torn^ of 
existence, a-t spnco. fiH' thit is to think its essential, siil»^«.antial m t ri- 
ImiIc, its e«fnre, out c»f exi-^tence, nccessita'ii n the tlunijiht of tho Zwro 
into which il hIiomM vmisii. Tlie mind cinnol think zero, b'H'uuse it 
cann<»l j^ri-p it a»wt cmnot measure i self liy nothini;. Hut M is-oqunj. 
Jy irnpossib.'e to thii-k of space mctamorj)lio-ing into force, or int' any 
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other oiitily, or inio limp, or motion, or any other 
thai mittier. Thu mir>d is mterly incapiible nf for 
nt' llie trHnHformatiun ot* space into iiny other ev 
Kentiul or nindiil. Spiico once Ihou^lit id necussaril 
forever. It lollawn, tlierefure, that llicro in no hc 
i'lr the theories of Dr. Stewart nnd Dr. Mayer, wh 
jilaasihle work in supporting the Conservsllon d 
Which it would necewwarily hiivo lulli n, of lis own 

It 18 true Dial JJr Wa5-Br offern niuthemiUioal tor 
hix proposiiion. Mathematics is an exnot st'ionct-, 
«re not to be doahted mhunevor and wherover pr 
the subject under disci-ssiun. But the question in 
timaiical problem at all. It in not a nuniertcal qi 
jtmblem of mi'asurement or of quaniiiy, but of tr 
iatunco. Tlieroforc, any mathemaljeal diisquisition 
of placA and truitfu! of error. 

Mr. Spencer's tlieory of invisible or Intent octiri 
ntily illiifriciii us the oiiiers, but in, nevorihulefH, n 
depca for its siippo"!, but it leaves unexplained anc 
wiiole ot the phunomenn of gravitation. 

I ihinlt, iherefure, Unit I am entilled to flnim ihi 
isiH iiavo wtiolly failed in trace, or a<^(toiint for, 1 
I'nrcea which diiappcar when projectile or other to 
liun (o rnivilj-. 

Wliih', as will he seen by the forepoinfr extract", 
lisiii vory aw in ihe naturi'fl of force and ener^ry, 
..pinions of Vipf Prrsitient ThtuHlon, contained i 
«red at ih-i 'a'e nieetioft "f tlie Amenean Ax^ociiili 
tiieni of yoience, nl St. Louis, may be taken not or 
advuno'd notiouMf^n the snhjiici, bnt as being soien 

Mr. Tliuraton says: "The grand principle wbic 
nirj; to ailmit and rccojtniBa an underlying eyery b 
and as forininir the foiindaiioti of alt the sciences — ul 
wbon slal'id, to he simply nn asiom. Tbo Rcnptu 
the universe slinll eniitire f>ir>!Ter, is htit a siHteim 
whicii is iiow becoming more and more genernlly i 
tiSc truth, viz: That the two products of crealioi 
urid the fru'i of llicrr union — oneri:y nn* iridesiruel 

"The grand basis ot all science is found, iht-n, in 
thtit his bfen eioaied by I"finilo power— nialtera 
ami all enetfry — is inde^trurtihla by finite power, 
1o exi^t as bm^ i>s ihu bund of the Creiitni- is wittii 
ftiuciioTi. Thia law has been admitted almoxi fn 
voider, so far as it iitfecis inatliT; it has been aili 

tiia'enen nt ei e -siy bnennio acknowleilgod tiy n 
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of force uhd enurgy hove quanlivalent rolulions ati.l iiilertransfor- 
ity, nolwi'.liMtunding ilie fuel ili«l ft belief in the iJeiility of mind 
lutter, tirid iliitl iti mniiei' t-Hii bo diacovered 'llio pmrntso Hiid i)<>- 
of nil lerrostriul life.' {lan been avowed, pX|ilieilty or imfliciily, hv 
ihan one gieut tliitiker, wliu LaH waiidored into itie it-iilins of siiec— 

>ol(ing back to the tiogmning, we see, tlien. that in the beginntntC 
entfi-od upon un tixJHiende wliicn ih (it miiefinile diirntion, h greHt 
rne of iniiiur endowed with imciisracteriKinf; iittribni«s — rhe fi>r<us 
lura. Theeo foreeB aciiny upon ull mailer jjave birlh to u fiy«*<l 
nl of iiciiiul onertt}-, and are (itpabio ol j>rodn<-ini{ unoihtr (Ixtil 
iiy of wlun m now )>oletUiHl enerpjV- fi'ieryy I bus coniint: into cit- 
c i-L'tnuiniicohBiunt 111 iiinoi:nlue ibe quaiiliiy ot J^reuicd mmier ru- 

bM giren rife to every 
wiUiiti lliu limine ofKci- 
■Tiiquiry." 

w iijioti 'itiiilvKing Ihis doclrino wo slinll lind ihst it assertH ihe f iN 
ir propo«iii.,i.w: 

Fern.: IS nil aili'ibule of mailer, aud not an inddpondeiit cxistem-o 
Wl Willi i(. 
Tliiit iiUi-ibiile acled upon its own 8iiUHlance — malloi-, in tlm pfi.- 

in OfAOTUAI. KNKHIIY. 

'I'liu quiiimiy ol auuia! enui'ty llius proiiiieod wan tiited — that in. 

This atti-ibut«, Ibus aotin;;, ja also capable ot producing a fixuii 
111 lit potential rnrri/v. 

'J'beHB 1> ur, tbe siibHtanlial «xiHl«nce — mutter, iib iTilierinjr nitri- 
-r<ircf , and I bo projteny oT ine union of Kubi>liiiii-e and II» aUribuli-, 

Iwo loruiM of energy, mto indoHtnulible by finite powitr, 
w ill nil jiiijpiT dense nf tbe term attribute, can it bo an aclivily, 

ucl, (111, or |>uifiirni; lliat capiiciis iielon^H ulnno to ibu iiiiIi]jlani.'U 
ii;li il I nil. ■!■.■« And fHrunnly without hii abum-of lanjjUiige, It Cuii- 
e Hiiid tliiit III! nlii'ibuie cuti acl upuil iir< <iwn Hub^luncii ao aa |i> 

tl.ei-oirorn a new liii-m of L-sMiei.c.-. JJul jmSsiKf; »ll Mils, it form 

Htlribmn ••! mattHr it caitiml nxint iiimil Innn ils Bubn'rinc, it i--n!;~ 
a irtindlui'i-ud lo o'hor aubaiancoH, i' cannot ba ii-Miiafiirnied into 

qualitica. 'rbi;r»for« force is inji Nuscfptlbln tn moixmorpliosin and- 
:rm of ilie Connerratio;. d.x-triuo \« coniradicifd. Bui iv liiia <l<Mie 
al% ut lowst, ot ila wuik, did it, {irenumably. at the early dawn of 
on, — it uclf'd upon lis own Hub-<taiice in the pioductiiin ofa jtrtvZ 
lit of actual energy, ao thai, {>n tbal hne, iheio ia noiiiinit nmre 
rce lo dii; it riua dllod itn office and ii< no longer a lacior lo be on- 
'd III the problem ol ccinxnrvali'in. Itiit on anolber line it in (]a]>u- 
'. producing a fired amount of polentiiil urtfrgif- 

n much of thiH tixed i|uaniity il baa already* prodaecd and how mui'li 
L for liniire j luducliuii, noryoi when il aball all have hud "birth." 

not told. 

w whai ja it Hint mla upon maltrr In ilie prf>rin(-lion of molmn. It 

1 not seem In be force for ila offiie ia tilled in geiieraiiiii! encrjfy, 
■0 are told that, "me ticiion of these f.irct'a on ibis maitc^r baa (;iv^ii 
i> every pberiotiiciioii wliitb lias l-oiih- or dues now tome williiii llie. 
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ranso of scionlific inqmi-y." Eat if fovea causes motion v 
III iicliia! cnerey? 

Ap;nin, l)r.Siowi»i-l's positional onorgyaeems to have b 
CTdvoniciii, hubiliment lor Ibe disguise of actual OEiergj 
senses of man, ic passes into notningncss. Bat Ml'. Tlit 
so iiso the term, loi- he makes it crumllj' with actual enerj 
duotion of force and not a meiamoiphosia o£ nstual 
umounls of boili are produced by Ibrco — how wUl Mr. 1 
Iho chiism, over which Dr. Stew.ai-t has throwa poaitionn 

And onco more we miiy ns'c, what is Qnemy? A aomcti 
union ot force and liiiltor ouglit to ba tangible, suscep 
niental formulationj somctliintf with ft placu und a purp 
Jlatler wo know, i'orcu we know, motion wo ''now, so 
momontum and time :i(id spaco. These can all bo gras 
and defined in lanKiiage. Can energy bo? Yes when th 
iis ordinary sismfit-atioli for then it is but an expanaib 
lurco. But as used for a new factoi-in eiiatei^cO ithaa n 
iind is not susceptible of definition, beciiuse tliel-e is no 
I'nr any 8iich new factor. Force, Matter, Motion, — these 
and capabilities of physical nature and there oro no oi 
which may be driven wedg03 bom of restless nvilight 
Ihouslit. 

^ 17. Whenever gravity and any other force aet against e- 
fiii-jls ichatever, thr'i/ mutually neutralise each other, in eq-ual 
proportions, varying w^th the angle of opposition, producing n 
til of thefonner directions, according to the law o/ihe parall 

% IS. this is qniiiMy Ulastrattd in the economg of the o, 
of the Solar System, 

Bnt it gives us a very different theory of the Universe 
ntirily set forth in Uio text books, although from iho ver^ 
acter of the languayu usi;<l, it is often impossiblo to tell 
tiomioal writers do ii^tend to teach on the subiecl, and, i 
suiiiable that usually they bavo no very distinct notions 
gardinp; it. 

The two {iynamie svstems may be thus contrasted : 

The oiiQ founded upon ihe above laws teaches : 

1. Tliut the mot.on of !i plivnet ill its orbit la caused vi 
itniion. 

'Z. That the jfi-avitatton producing such motion is not 
Bun hut is immediately present in, ant] acting upon tlio m 

.t. That such iiravitution is a continuously received lo 
* titiea in eqtial times. 

4. That the lorward motion of iho planet is produced 
recomposilion out of such constantly received gravitation 
force; that is, that the centrifugal or driving (orce of Ihe ' 
IS com pounded of the (centrifugal force of iho iiuniediateii 
Inent and the gravitation rscoived during iho same time a 
law of iho parallelogram of forces. 

5. Tne two forces continuously exhaust each other fc 
equal fjuantitics, according to the last named law. 

The system of the boolta teaches: 

1. Tliatlho forward motion is produced wholly by 
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or inertia 

That %ucli impulae was originally imparto'l to tho planet by the 
r wbich formed it, and that it bus evei since remained constant aod 
mgoable, under the form of Inertia. 

That tlie planet ia held in its orbit by gravitation. 

That such gravitation is a constant and unchanging force leaident 

That graTitn'Jon acts upon the planet by pu)lin2 it towards tb« 
jntinnously, thaa changing tbe direction ot ita motion at every 

That the orbital motion consists, theroforc, of the continuous for- 

motion produced wholly by the original and continued eenlrifugal 
or Iner^, and a conlinnous change of direction caused by the con- 
pullinij of gravitation; that is, lliat the forward motion of the planet 
■day but the precise'continuing result olan original impulse, while 
hole offlee ot gravitation is fulSUed in deSecting the line of motion 
a rectilinear into a curvilinear path. 

vould bo difficult, perhaps, to find tbis whole doctrine laid down in 
ingle work, but taking tbe general treatment of the scionce of Dj- 
■.■i With the exposition of its application to the Solar System by va- 

auihor.i, I think 1 am justified m tbe above stutument of rceeired, 
ons. 

us. Dr. Whewell, in speaking of tho Greek School ot Dynamics, 
ory of Inductive Sciences, Vol. 1. Fage 813,) remarks thai, "[hoy 
unded the cuuses vtbich prod uee, and those which preserve, motion." 
1^ on Pdge 3^4, he says : "The first Law o( Motion asserts that the 
m of a body, when left to itself, will not only bo uniform, but rec- 
ar also." On Page 330, he says : "But the moat common mistake 
s period was, thai ot 8uppOjin!>; that as a force tsrequisite to move 
y, so a perpetu'il supply of lorce is requisite to keep it lu motion... 
whole of what Kepler called his •pliysicul' reasoning, depended 

this assumption. He endeavored to discover the forces by 
1 tne moti'ins of the planets about tho sun might be produced; but, 
cases, he cniiaidcrod the velocity ot tho planet produced by, and 
iiting tbe effect of, a force which acted in the direction of the mo- 

Kepler's essays, which are in this respect so foetrle an/nnmeaDin^, ^ 
sometimes boon considered as disclosing some distant anilcipution 
wlon'a discovery of tba esistenue and law ot central forces. Thero 
iwover, in routity, no other connection between those speculations 
that which ai-isea from the use of the term force by tho two writers 
utterly different meunings. Keijlcr'a Forces were certain imagin- 
ualities which i.ppeai-ed in the actual motions which tho body had; 
on'tt Forces wore causes which appeared by tho cbanjje of motion : 
pier's Forces urged the bodies forwards; Newton's deflected tho 
IS from auch a progress. It Kepler's Forces were destroyed, the 

would instantly stop; if Newton's were annihilated, the body 
i go on uniformly in a straight lino. Kepler comparoj tbe action ot 
trees, to the way in which a. body -might bo driven round, by being 
d among ibo sails of a wind-mill; Newton's Forciis would be repre- 
d by a rope pulling the body to tho center- Newton's Foroo m 
ly mutual attraction; Kepler's is aomoihing quite different from 
for though bo perpetually illustrates his Tiewe by the example ot a 



tnngnet, Ito wftrnes us that tbesan differs from a magnet ia this resj 
Ihiit its tordb ia not attractive but directive." 

Prof. Steele Bays: "Thf, motion of the keavenly bodies jtments 
pmndest illustration of the operation of these iot'ces. The eurtb, w 
first formed, we may suppose, waa hurled into apace by the hand of 
Creator with a force which would send it along the lino B C in Fii;, 
J^ccording to the law of inertm it would never lose its force bat wo 
continue to move forever in a straight line. Being attracted, bowe' 
by the sun in the direction B S, it pusaes along the line B D, whicl 
the resultant of tbeso two forces. Should the earth ever lose ita ( 
motion, it would fall into tbe aun and feed that central tire. Sh( 
the attraction ot the ann cease, it wonMAyofT with headlong speed ) 
the icy, cneerless regions of space. Fourteen weeki in Nat\iral Philosc 
Page 76. 

J. Norman Lockyer, the dietinguiahed astronomer, saya; "As tl 
laws were given to the world by Kopler, they simply represented fa 
but x'Tewton showeil that they established the law ot gravitation 
gijwed naturally from it. He proved that the motion of a planet in 
])art of itD orbit is the result of two forces — one the original impt 
which gives it a tendency to move off from its orbit in a tangent 
which is called Centrifugal Force — the other the attraction of the i 
which deflects it towards that body, and ia called Oentripetai Force. 
Hiementary Astronomj/, Page 380. 

And on Page 281, he says : Were the attraction of the central b 
to coaae, the revolvin? body wonld leovo its orbit, in consequence of 
centrifugal tendency it acquired at its start; were the centrifugal 
dcncy to cease, the centripetal force would be unco nti'O lied, and 
body would full upon the attracting moss." 

Prof. New(.omb say,"": "The groat misapprehension which posse: 
the minds uf nearly all mankind till the lime ot Qalileo wa^, that 
continuous action of some force was necessary to keep a moving b 
in motion. That Kepler himself was fully posseseod of this notio 
tihown by the fact that he conceived a force aciinE; only in the direc 
of the sun to be insufacient for keeping up the planetary motions, 
10 require to bo supplomonte'l by some ferce which should coneta: 
push the planet ahead. The latlnr force he conceived, might arise i 
the rotation of the sun on his axis. It is hard to say who was the 
clearly to see and announce that this notion was entirely incorrect, 
that a body once set in motion, and acted on by no force, would m 
forwards forever — so gradually did the great truth dawn on the m 
of men. It must have been obvious to Leonardo du Vinci; it was 
plicitly contained iu Galileo's law of falling bodies, and in Kuyghe 
theory of central forces; yet neither of these philosophers seems to I 
clearly and completely expressed it. We can hardly be far wronj 
aaying that Newton was the first who clearly laid down this law in 
ncciion with the correlated laws which cluster around ft. Tb« baa 
Newton's discovery were these three laws of motion : 

"First Law. A body oncf. set in motion and acted on by no force 
move foTwardi in a straight line and with a vniform velocity forever. 

Secona Law. If a moving body be acted on by any force, its devli 
from the motion dejirted in the first law will be in the direetion of the f 
and proportional to it. 
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'bird Law. Action and reaction are equal, and in opposite directions; 

■ IS, whenever one body exp.rts a force on a second one, the latter /'.'■'•rts a 
Jar force on the first, anli/ in the ooposite direction. Poptdar Aslroiionnj; 
ie 75. 

i.nd on Page 74, ho says: "Gravitation in a some'vhat limited 
ero le known to all mon. It id sinijiiy iho forco which causes ul' 
W bodies to full or tend towards the centru of tlio earth." 
'bis all seems clear enougn and certainly exclmJea gravitation from 

■ part of tbi office of carrying ttia p'iinois orounii in their orbits it 
■ds can be made to do bo. ' But I'rol". NcwcLimb, hl.-e other writoi's, 
ilher coniBsed in thought and expression or int^onsisteni witii him. 
j for in the paragraph IhsI quoted he goes on to say : "VVbatXow- 

did Kus to show that the nxitiona of the pluncts were delennini-d by 
niversal force, of wbich the force which caused the upple to fill was 

of the inanifuslations, and thus to deprive the cciesti:il moiiims of al I 

mystery in which they had lormerly boo:i enshronded." Ami aLi^iiii 
the same paije he says: "The idea of a cosndual force emaiinling 
n the sun or the earth, and causing ttio celestial motions, did not 
;inalo with Newton. We have seen that even Ptolemy bad an idea 
I force which, always directed towards the centre of the earth, or, 
;ch was to him the same thing, towards the centre ol the universe, 

only caused heavy boaies to lall, but bound the whole univeri^o to- 
iler. Kopler also maintained that the lores which moved tlie planets 
ded in, and emanated Irora, the stun. But neither Ptolemy iioi- 
[)ler could givo any adequate explanation of the loieo on the basis of 
8 seen HI action around us; nor was it posaibla to form any conccpiir>ii 
ts true nature without a knowlcd^fu of the gcnei'iHaws of motion 
: lorfe, to which neilher of these pliilosophers ever atrainud." 
low taking these latter extracis alone ihey would soem almost asi 
irly to teach that the force which carries .i body in its orbit in 
ivilution, as the former oxlracta leach the contrary. And this er>n_ 
on and contradiction of expression in a writer of Prof. JSewcomb'a 
ai learning and ability shows that there isaomelhing contradictory 
nexpl'cnble in the received docirmes of solar dynamics; that Ihcso 
trines cannot be reconciled with themselves. 

)n the other bund, Prof. Burrill m his "Geograpli'j of the IT'-vei^." 
I J70, has used language which is entirely in nccidiince with ihe 
tem ol solar dynamics that I have ventured to hiy down. Jle ihi^r;! 
s: ".Newton was next led to suppose, that perhaps the same pon-oi- 
ned the primary planets around liio sun, Jiy a sem-s of cHicnhiiions, 
ivas enabled at length to establish iho tact, that the same lorcn whreii 
ermines the fall of an apple lo the earth, carries tiio moons in thoir 
its around the planets, and the planeti and comela in their orbits 
iind llie ftun." 
Sn I'aje '!60, he says: "The joint nef on of thosf^ two fo'-cos glvtfs 

planets ;i circular motion and rediins tliem in tln'ir orbii.s i<x llioy 
olro." And again on Pa^e, 2l>Si "From the f.ir.^^-oi.ii: principles 
jl.lowe, tiiiit tbe torce of gravity and the centrifugal lun-e in-a mutual 
r,-:>ng pone i each continually auting a;;ainsi the other." 
lilt that h^s dynamical notions were confused ia «lii)"-n by tho ful- 

ing on I'a^ie 'i'ofi : "The degree of the Sun's attra'.-iive pnwer iit 
b particulac planet, ivhalever Us disiauce, is unifyrmly equal lo llio 
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centrifiigal force of the planet. The nearer any planet is to the sun, 
the more strongly is it attracted by bin)| the farther any planet U 
from the Sun, the less is it attracted by him, therefore, those planetH 
wliich are the nearer to the Sun,*must move the faster in their orbits, in 
order thereby to acquire centrifugal force equal to the power of ihe 
Sun's attraction; and those which are the farthest from the Sun^ must 
move the slower, in order, that they ma^* not have too ^reat a dc^ 
^ree ot centrifugal forcC) for the weaker attraction cf the Sun at those 
iiistancea." 

Laplace seems however to have thought that the original impulse 
may have been the effect of gravitation. 

That the received doctrines are incorrect is demonstrated by the fact 
that they furnish no reason for the rule of Kepler's Third Law in any 
of Its various expressions. It cannot for a moment be supposed tbac 
there can be at least 180 b(Kiios revolving around the su:: in times and 
with velocities all bearing the same precise relations to their respective 
distances by accident alone* Tliore must be a reason for it, and such 
reason must he either that* the Author of the SoUr System took pains ar 
its inception to regulate distances, times and velocities according to the 
KepleWan law> or eloe that the character of the forces by which they 
are moved compels such relationship. If the planets are carried in 
their orbits by reason of impulses originally imparted by unascertained 
forces, those impulses must have been accurately measured by the dis'^ 
tances of the respective bodies from the Sun : That is the Author of 
the S} stem, for the sake of harmony, or some other purpose of His 
own, imparted to each revolving body just that intensity of impulse 
"Which would give the requisite velocity to fit it in the groove of Keps 
ler's law. And such would seem to be the notion of Prof. Burritt as I 
gather it from the last extract. But this is very- much like the argu** 
ment of an early class of geological critics who accounted for fossil re* 
mains by supposing that they were Created in the rocks as found. 

On the contrary, I take it that the reason for Kepler's law must be 
found in the character of the forces by which the planetary l^evolutioriS 
are produced. Either distances must regulate times or times regulate 
distances. But the times are the results of motions in the orbits and 
their duration depends jointl3' on the lengths of the orbits and the velo- 
cities of their motions. But the velocities depend on the intensities of 
the forces urging them forward In their paths^ that is tne centrifus^al 
forces. 

We have ns dne expression ot Kepler's Third Law : 

§ 19. The velocities of the planets are to each other inversely as the 
^square roots of their distances. 

Therefore os times and velocities both correspond to distances, it 
must be because centrifugal forces correspon a to the same. We know 
nothing about original impulses^ arid tnerefore we may well conclude 
that gravitation causes centrifugal motion. Not only so, but we find 
that the mathematical relationship of gravitation to distance, is precise- 
ly the relationship which must exist between ccntiifugal lorce and dis*^ 
tancc, to give the relationship of velocity contained in the above law. 
Velocities are regulated by distances : How can this be except through 
♦he. force of gravitation which is in like manner recrnlated by distances? 
But let us tuke twelve different expressions founded on Kepler's T^ird 



aw and the Newtonian Law of Gravitation, as foltows : 

§ 3ii. Times are as the third powers of the square roots of distances. 

§ 21. JHmes are inversely as the third powers of the fov.rth nots of 
ravities. 

§ 3S. Times aie invKrsely as the third powert of Velocities. 

^ 33. Distances are as the squares of the aiberoots of Times. 

'^ 34. Distances are inversely as the squarn of Velocities. 

^ S5, Distances are inversely as the square roots of Gravities. 

(j 36. Velocities are inversely as the cvbe roots of Times. 

1, 37. Velocities are inversely as the square roots of Distances. 

§ 38. Velocities are ag the fouriA roots of Gravities. 

§ 29. Gravities are inversely as the fourth pavers of ike cube roots of 
'imes. 

§ SO. Gravities are inversely as the squares of Distances. 

I SI. Gravities are as the fourth powers of V^oeities. 
Kow bow flise can this clnster ot mnioall^ dependent laws be account- 
I lor except on the hypothesis that velodties are caosed or produced 
}- gravitiee which are admitted to be ruRulated by dislanceel And tl 
)JB be BO what becomes of original propulsion and the doeuine oi in- 
rtia ns applied to planetary rootionbF 

Tbese laws are applicable to a single system, birt let oe take a law ap- 
licable to different systems : 

§ 32. As between diiferent systems Velocities are as the fourth rosti 
I Gravities as dependent upon Distances, and as the square roots of 
IraYitiea as dependent upon Uaaa. 

Here again we see the necessity of supposing that velocities are dr | 
endent upon gravitation and prodooed by it, that la, tbn^. gravitation 
lused the orbital motionsof the planets. The argament could not well | 
e Btronger and we take our law ; 

g 33. Gravitation is both centripetal and centrifugal force and cau- 
i9 both centripetal and cen'^lngal motion of the plaoets in their orbit«< 

The next inquiry is into tbe law of the joint action of '.he two forces 
3 that graritatJou may become centrifugal force and that at the samo 
me the two forces may be compoSited into one. Here regard must be 
ad to the character of the two forces, one a constant force, constantly 
cting lu producing a constant velocity, and the other a constantly re 
sived foree, which unopposed would produce accelerated velocity at 
ight antrles to the other at every point, it is Yery evident that the two ; 
Drees must balance each ottier, but howf It at any point the two were 
1st equal, acting at ri^lit angles the planet would move on a line be- , 
preen them and not in a circular path at all; that 10 ttae path of tbe 
lanet would vary 45 degrees from tbe direction of each of the forcci' 
fow, when It has turned to the same side 45 degrees, eight times at tba 
Eime distance apart, it will have described the figure of an octohedron 
nd have arrived at the point of departure. And if, inntead of eight 
harp contacts of force and turoings of 45 degrees each, we suppose 
he same amount of opposing lorce distributed through tbe whole per- 
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imoter of the figure we shall bave a circle.' Therefore the law : 

§ 34. When the amount of gravitatloa received m one dghtb 
rerolutton, jostequaU the eentrifugat force, the two will exactly 
finoe and the path of the planet will be a circle. 

Thus, within one eighyof its path aronnd tbe ann, the earth rec 
f^fAvitationjuat equal inlamoont, to tbe force producing tbe tAng< 
velocity of 95,000 feet per Second, taking that for earth's centri 
velocity. And when, conntini; from any 'particular point in its i 
It has passed over an arc of 45 decrees, equal amounts of tbe ori 
tangential force, and of gravity bare been expended by res is tar 
each other; with the result of a composite force, according to tbe l 
the parallelogram of forcen. , At every point, gravitation acta at 
angles to the centrifngai force, with tbe result of sending earth ; 
tbe diagoaal of a right parallelogram whose sides are respectively 
resented by tbe centnnigal tome of 93,000 feet per second, and tbi 
mentary lorce ot gravitationj and of neatralising anoh proportion < 
two as tbe length of tbe diagonal falls short of the sum of tbe twi 
jacent sides. Therefore i 

§ 35. Tbe length of an arc of Sartb's orbit of 4$ degrees ma 
represented by tbe diagonal of a square of which the sides are n 
lively represented by the centrifugul velocity of 95,000 feet per se 
and the whole force of Gravitation received in an eighth of a revolt 

§ 86. In a whole revolution there will be eight entire recompos 
of force by eighs substitutions of gravitation lor one half ot centri 
force, with the consequent equal neutralisation of the two foroef 
total amount equal to 4.6894 times the original centrifhgal force. 

§ 87. At the end of a revolution one, two hundred and fifty 
part of tl\o tangential force IS original centrifhgal force, and two 
dred and fifty-five, two hundred and fitty-sixth portSj substituted C 
tatiou. 

We have seen, that In one eighth of a revolution, just so much { 
tation la expended as will balance the tangential fOroc. But tbi 
penditure is continuous, equal amonnts tn equal times. Iherefoi 
obtain the law, that i 

% 8S. The force of gravitation, acting upon a planet in its orl 
equal to the quotient of tbe tangential velocity, divided by one e 
of the time ot revolution. 

By this rule it will be found that Earth*e gravity to the Sun is 
.024365 feet per second; and the moon's gravity to earth about .0 
feet per second. These quantities are more than twice as great 
pectively, as those usually ^iven) but, In the first place, tbe text I 
take the distance finllea in the first second, instead of the velooi 
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end of the fiocond, as tbo measure ot gravity; and, in the next 
;e, the calculationB there fj;iven are but proximate at beat, and in 

very nature of the mathematical solntiooB of tbo problems, the r«- 
a are too small. 

'hat the above liiw is correct, Li proven by another expression for 
iter's Third Ijaw : 

39. The qootianls of the distances, divided by one eiRhtb of the 
area of the times of the revolutioDS, are to each other, inversely, aa 
squares of the distances. 

'bis is equivalent to saying that gravitation, as found by § 88, is 
eroed by Mewton's Jjaw. 

'o recur to the extract irora Prof. Whewoll, showing the respec- 
I dynamical notions o( Kepler and Newton, wo would remork tbiit 
perpetual supply of force is requisite to keep a body in motion;" 
t the velocity of a planet Is produced by and does exblbit the ef- 
8 of a force which aols in tbe direction of motion; (hat forces do 
ear in the actual motions which a body has; that they do urge a 
y forwarc(j if they were destroyed tbe body would instantly etop; 

that a rope pulling a body towards a centre is no correct illus* 
aoii, so that in every particular Kepler was much ceurer right 
a Newton. Thus on every point ol the problem Guilileo had 
le back and Kewton followed him. 

Lud on another aspect of the cage was Kepler much nc.i;-er ajuFi 
coption of the truth than Newton, Galileo or later physifeiiita. Tlmt 
IS to the true character of the force wbich c^ses Bcoelerutcd motion, 
ivity ia Bald to be a oontinuous or constant force by reason ot which 
ies fall with aucolerated velocity. Tbe notion is, that £r!;vity is A 
pie, single force, pf uniform quantity or volume, BU to sponi;, which 
etantly initiates n6w and additional motion, but baa notliiiii; to do 
h that quantity of motion already Initiated; instead ot iiio vii^w, that 
vity is a constaQtly received force, equal increments in equnl times, 

each increment, not only inaugurating a new increment of motion 
he body, but enterinf; therein, and c.-in-ying on, and continuing such 
rement of motion, until neutralized, or imparted to some othoi' body. 
i force imparted by the exploeiou of cunpondor to a cannon ball, 
. constant or continuing force, entering into tbe ball, and diivlng it 
ng, until withdrawn, or neutralized, by resistance of the air, or im- 
t with some other body. But Gallileo and his school recaril the Cull 
1,-e of the explosive force performed, when it has started ttie ball in 
lien; and the difference that Ihey see benveon this force, and gravity 
:hat gravity constantly addi! hew stabts to the motion of the fulling 

ly. 

!he whole body of error, gncs back to the fundamental notions of 
» and inertia, held by Gallileo, I<>ewton, and all succeeding scientists, 
one notion; that force only initiates, 'or starts, imd gkanoes mo- 
I, but does not continue it, and the other, that iNERTiA and Kcr 
ce Dots CONTINUE IT. On siioh a basis of error, n true physical sys- 
1 is impossible; and it ia only on sinh a foundation, that the doctrine 
/onaervation can atnnd for a i 
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B«cau«o of ihi-fio erroneous notions concerning ihe true nature 
force, whi{:h tiulileo taught, and nil later scientisiB liave aueepted, wit 
nut {juestiim, it is lield that the law of the eompoiilHon ol forces irr* ii 
iipplicablo lo circular motions. Thuo JUr. WlicweH, Puijc 352, Vol. 

"G-aliloo hnd convinced himself ilml two velnciiy of projection at 
that which gravity alon« woald produce, ui'e 'both maiTiiniiK'd, witho 
being altered, perlurbed, Or impeded in ihuir interniixlure ' It m to I 
observed, however, (hnt the truth ot thn rt^sult depends upon n fiartic 
*ar circumstance, namely, that gnivil3'', at all pntntK, acls in linci^. whic 
IIS to sense, are parallel. When we have to consider cases in which th 
is not true, as when the forces tend to tbo center of a circle, the law 
compDsilion cannot be njtplied in the Bama wiij-; and in this case tiiuih 
tnaticians were met bji Eumo peculiar difficulties." 

The difficulty is, that nt every point in the circle, Iho rontrifugal for 
tends to urgo (be moving;; body past the center ol motion on a itinyu 
tiat line; at every point there is » composition of forces, with u tende 
cv to accelerated motion^ and, nt erery point gravity tending lo car 
the body towards the center, balances conlrifui^al torce, holds the hoc 
bacli Inim passing tbo t&ngo.ilial point, and thus neulralixes tbe tcndei 
<y lo acceleration. Tbo same lorce which lends to accelerate, at tl 
same time eounteracls and destroys thai tendency. And, thus, we con 
tit have a composition ol forces at every point, without an ucceleratic 
of velocity. 
^ but in an i^tipae, there are only two points at wbich Ibo motion 
t tangential to tliu radius v^tnr; at all other points the center of moii< 
is either ahead of or behind a perpendicular to the lino of motion; ai 
the cnmpowtton ot ihe forces produces, either an actual acceleration, > 
r-.'tardation, Itenco itcomes, thnt froai nphelion to perihelion there 
iin acceleration of planetary velocity, and from |>ori(ie(ion to apUelic 
« rataruation. 

Now, 'f only original propulsion is concerned in driving the plane 
in their orbits, if the only olflca of graviiy is to clninge direction, if the 
IS no real and true composition of the foicos according to the law of tl 
parallelogram of iorccs, from whence conies this coniinKal accelcralii 
uf mntion in one half of a revolution, and continual retardation in tl 
other hai'T Do not ail the authorities agree that they nro effects 
gravitation? And bow else can gravitation tlius affect them save throu^ 
iho (aw of Composition? When a planet bus lost motion, — call it oi 
ginal projectile motion, if you please, — from perihelion to aphelion ho 
is it to gut It back? From whence is it to come? Tbe loss is to ho re 
tored froBi gravity of course; but "'hen restored, wbot is it, origin 
propulsion or gravitating force? Certainly there can be but one a; 
swer, and if the motion of a planet from aphelion to perihelion, ai 
from periholion to nphelion, is the result oi u Composition of forces, 
(rouree it must ho so at those two tangon lial points, and would be 
were the orbit a circle, at every point. 

But this is illustrated hj- other laws aud principles. TUos: 

§ 40' If gravitation and centrifugal force should exactly balance 
any point ia an orbit wbore the motion is tangential, they will bulaa 



at every point, tbe motion will be taogcntial at every point and the 
orbit wtU be a circle. 

That ia, if, at any tansonliti point gravity is just equal to velocity 
(divided by one eigtith of tbe time of revolution tbe orbit is a circle. 

§41. If at. tny tangential poiot gravity sboold bo greater than eon- 
-triliigal iorce, such point ia tlie npbelion of an ellrpse". 

IJ 42. If at any tanjjential poiat centriiugal lorce is greater than 
gravity auch point is Ibo perihelion of au ellipse. 

These laws are liable to an appareot exception in tbis, that il at per- 
ihelion, the centrifugal force is very much greater than gravity, as it 
tbo case with some comets, the body wiJl be carried in an ellipse »u 
iilongated, as to appear a parabola, or hyperbola; and if the aphelion w 
loo near to the c'jnlral body, or the centrifugal force av that point 
Vi-ry mucli weaker, ihe fow of the ellipse, one or both, may Lo within 
ihc body of the central sphere, bo that the moving body will inipinge 
Hi)on its surface forming one of tbe same apparent paths, 

liaron Humboldt says : "For even in the universe, if the dimen- 
t.iuns of the planets, the quantitative admixture of the bodies which 
t-onipoac thoni, their velocilies and distances frora one another, were all 
to increase or diminish in ono and the same projKirtion, all the phonotn- 
t:ia dcjicnding upon relations of gravitation would remain»unchan|;ed in 
this ideal macrocosmos, or microcosmos." And Laplace as quoted by 
Humboldt says : "The law of reciprocal attraction, which acts inversely 
as the square of the distance is that of emanation, proceeding from a 
canter. It appears to be the law of all those forces whoao action is pei- 
<:eplible at sensible distances, as in the ease of electrical and magnetic 
force. Ono ot the romarkablo properties of this law is Ibul, if the di- 
monsions of all the bodies in the universe, together with their mutual 
distances, and [heir velocities, were proportionally increased or dimin- 
i.jhed, they would still deacribo curves precieely similar to those whitli 
tliey DOW describe; so that tbe universe, after be.ng thus succcseivcly 
rednccd to the smallest conceivable limits, would still always present the 
same appearance to the observer. These appearances are consetiiicntly 
iridcpendont of the dimensions of the universe, as, in virtue of the Ian 
111 Ihe ratio which exists between force and velocity, they are indepeR- 
dent cf absolute movement in spaco." Uosmoa Vol. V, Page IC. 

Did the above e^ipressiOD re<}uire dimensions, distances and limes of 
revolution to be proportionately increased or diminished it weuld be 
correct, but it is not us it atanda, for if massea and distances should both 
be doubled or halved in either case velocities would remain Constant 
and with orbits twice or only one half as large and velocities the same 
Ihe planets would not retain their relative positions nor the Solar Sys- 
tem the same aspect for a single faour. The «rror lice in not making 
orbital motion the result of gravitating force. 

X think now thatl have established auoctrino contrary to Conserva- 
tion in the motions of the planets around their centers and shown tba; 
their r*: volutions are caused by constantly received anti constantly dgu- 



trMiscd Gravitalion. But I claim tliaC axidl motion as well, is v] 
produced by Gravity aod lay down the iollowing law: 

g 43. The doctrine of the Composition of Forces, obtaina in tb 
nrnal, as in the annual revolutions of ihc planets, with a like subf 
lion of Gravity for Centrifugal Force in like arcs of motion, the 
tiGulralization of forces, and the like result of making tbe whole nn 
the product of gravity. 

It will bo understood that gravity towards the center of the revo 

sphere is haro meant, 

ThiH law and the Nebular Hypothesis of La Place lend splendid 
traUotiS to each other, for, assuming the latter to be true, we hav 
law: 

I 41. At the time each of the primary planets was thrown ofi 
^reat nebular sun mass must have been revolving at the same vel 
witc which the particular planot now moyes in its path; and when 
secondary was tbrown off, its primary must have been revolving a 
8pecd with which Ihe satellite now revolves in its orbil. 

Fur in each instance, centripetal and centrifugal forces must 
then, just balanced each other; because, if the former had beer 
f;reater, the planet would have been ttirown off earlier, and furthoi 
if the latter had been the greater, it would not have been tbrown i 
nil. As hns been shown, the two forces now balance each other. 
centripetal forco must bo the same now, as then, because the dis 
from tho center is the ftamo, and iho mass of the central body the i 
Therefore, if centripetal force is the same, and distance tbe same 
eentrifugal force neceesary to balance it must be tbesame, now, as 

From this and § 19 would necessarily arise the law : 

§ 45. The velocities ol the rotating masses of sun and planets 
their ^xes, must have increased as tbey condensed and contractet 
vei^ely as the square roots of their radii. 

i?ut there are objections to this law, Tbe first is the retrogradi 
tiong of tbe satellites of Uranus. This perhaps, may be accounta 
hereafter, by finding that the planet itself revolves on its axis J 
same direction. 

Another objection is, that the diarnal velocity of the eon has ni 
creased according to the law since Mercury w&a tbrown ofl; and 
•.be same is true of eacii of the Moon bearing primaries, since thei 
satellites were reapeclively thrown ofl. 

Perhaps this may bo found to be duo to unequal condensation, 
ity does not increase uniformily, according to tbe law, from the S' 
to tbe center; bocauae at any particular depth, tbe gravity towarc 
center is in part balanced by the gravity towards the superincui 
moES. In this way, it might happco, that one portion of a rev< 
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onld act as a break on another porlion, or tend to urge it for- 

io that tbe motion of th<j mass on its uxis would be rotbidud, ur 

ated. 

erimenta with tbe pendnlum abow ibat gravity varies at different 

in tbe same latitude, conaettuonC no doDbt on vanubio donsiiy 
interior. Humboldt in speaking of pendulum observalionti in ilio 
rn Hemisphere says : "Tbeae obaorvalions have confirmed » 
lich bad been strikingly demonstrated in tbe Xot'lburn llemiH- 
namely, that tbe intensity of gravity is not tbe Kumo tur ml ])bi- 
'ing the same latitude^ and thai the increase of gravity fiom ibu 
r towards ibe poles appears to be subject to difforent Iuwb under 
it meridians.'' Cosmos Vol. V. Page 38. 

ittve seen that the Moon's gravity lo the Earth is .010188. Ac-> 
f to tbe Uewtonian law this would give: 

Gravity at tbo surface of tbo Earth towards the center is 
; feel per second. 

Were the diurnal motion of Eartb to cease, bodies at its snr- 
)uld lall 20.3496 ieei in tie firBt second. 

, taking the Moon's velocilv at 3337.702 leet per second. Eiirib'rt 
rial velocity should be encording to tbo law, § 18, :;6846.1I753 
r second. With such a felooity, her diurnul revolution should 
implished in 8-1 minute* 46.7817 seconds. Dividing such velo- 
■ one eighth fif Kuch time according to the law, | 3K, 'fives fur 
5 gravity 40.6483 feet per second, corre*pondiiig so nearly to ilio 
in § 46, as to show Ihut ihe priociplet> of tae culculaiion uie 

illows that at the equatorial surface 8.5316 units of (iraviiy iit 
led in causing Eartli'i diurnal revolution, while 32.1666 units 
iressure or weight towards her center. 

acknowledged tact tbtit the rotatory motion of a planet weakens 
' towards tbe center proves that the two forcos tieuirnlize i-in-b 
tbaC this diminution of forue in constant, shown that such neuirul- 

ia continuoua} and if the exhaustionijf is continuous there mu«t 
ke connnnous reccpiion of gravity to supply the jilaee^. Bo. 

facts lead to the same conclusion that diurnal motion is produced 
stantly received and constantly eximusted gravity, in contrudic- 

two propositions of tbo Conservation theory. 

, Gravitation is a force. 

law, I have elsewhere given in a more generalized form, but its 
ance demands some further coosidcratiou, after so much lias 
)own ot its application. 

'. Merriman, Esq., In jlpr. 1877 No. of Popular Science Jfonlh- 
je 705 says: "The attractive forces, gravity, chemical affinity, 
bosion, whether these forces are many or one, are inherent pro- 
of matter." 

', if this bo BO, we have the absurd conclusion, that a propeny nr 
to of any particular ms,66 of matterj may be abiilraclcd, drawn oJF^ 



and mado to do wnrlr, or act upon oLiier and distant mnsaos of malfoi' 
lor such I linve shown can be done with graviTy or t-oliesion. Tlii 
u'ritcr makes an ottributo or quality porform the offico of force, nai 
oven a force Hself, far when one body ia thrown up by iho fall of mai 
iijr, ihoro can be no diflerenoe between the atalo, or conduct of the for 
mur, and of a lilie body, thrown up with liko velocitVj by the hand 
Yiit, the very article Irom which the paragraph is .taken, is written ii 
uxf mplifieation ot the Conservaiion of Energy. 

Dr. Mayer fays, in "The Forces of Inortranic Nature," Pago 25'1 
Vouman's Edition; ''Gravity being regarfled »a the cause of the fullin; 
of bodies, h (^ravitalTng force is spokon of, and so the notions of phopeji 
TT and force are confounded with each oihor: proeiwuly tliat which i 
Uio osscntiut attribute Ot every force — the i;nion of indiJStructubilili 
with convertibilitj — ia wanting in every propertj- : betwoon u proportj 
iindafovce, between grayity and motion, it is iherefofo impowniblo u 
"Stablish tho equation required for a rightly recniced cans^l rehition 
Jf gravity bo culled a force, a cause is snppu.sed wliieh produces elTecti 
wiiliout itself diinitiishing, und incorrect cDiiecptinits of the causal con 
iior;tion8 of tilings are therohy fostered. In ordur thai a bo-ij may fall 
It is no less necessary that it should be lifted up, than ihat it should hi 
heavy or pojseas gravity; the fall of bodies ought not iheretoro to hi 
ascriudd to their gravity alone." 

Here, Dr. Maj'er rejects the propositiin that gr;ivity is a force, be- 
eaiisB, It does- not squaro with the dnctriu'i of the (Jorrehuion of torcei 
which hii essu)' is written to entablish. Cnn iruih, acinntifiu or ArA 
other bo reached in this way? Ia lliat tn bo rejected as force which hii; 
ail iho oiher elemonts of loreo, including; -'convertihility," because i 
lacks "indestructability," an attribute, necessary, not to force as force 
except in sustaining the integrity of the theory, which the writer i 
nuppiirting? "If gravMj' he called a force, a eaiiso is supposed whicl 
produces ctTccls without i'self diminishing." This sentenco contains th' 
gist ot th« diffleuky With gravilj-. It is seen lo be, not only an cftec 
producer, hut auch witlioui limit or oxhnustion; rather than atloiit iha 
ihere can, m iiiiy way, be a. new increinent ot force, this effect pi-oduce 
and motion maker is conveniently stored awiiy as a properly ot matter 
Tne proposition, that, hr?eiiuse a body cunno', full until it bo lifted up 
liierfifuri;, its ftili should not be credited to gravity alone, is just an log' 
ical as to say, that a body cannot bo thrown upward, until It has tall, 
en, and there.tore, '.he projectile motion upward, should not be ascrihei 
lo the muscular effurt ufthc arm alone. 

But, it is clearih.1t JJr. Mayer hud no conception of the law of thi 
continuous reeeption of gravity, by all bodies, equal nionauro in equa 
times; for, on Page o.50, he sa^-s : "Gravity beiiid called a force am 
llie same lime, the ttnn force being connected, in accordance with tht 
ccnninon use of languagp, with the. conception of an object capable o 
proiluetng motion, leads to tiie false assumption that tbe mechanical et' 
feet {"the production of motioiO can bo produced without a correspond 
ing expenditure of a nieasur.'ible oojcct. I( once the production of mo 
ii.)n out of nothing is gvanlcd, the annihilation of motion Diust also bt 
admitted aa a consequence." 

Ill "Con.?crvation of I-'orce," Page 36§, Youitiiins Edition; Dr. Faru 



aaysi "Tliere U ene vroDderfnl condition of matter, perhaps h* 
7 true indication, namely inebtia; but in relation to tbe ordinary 
iiiition of gravity, it only adds to the difficulty. F'ol: if wo consider 
) panicles of mutter at a certain distance apart, attracting euch ottier 
ler tbe power of grovity, and free to approach, they will approncli, 
I when at only half tbe distance, each will have stored up in it, bu- 
so of INERTIA, a certain amonnt of mechanical force. This mniit bo 
I to the force exerted, and, if the conservation principle be true, 
at have consumed an equivalent proportion of the caDse of attraction; 
1 yet, according to the definition of gravity, tlie attractive force i* 
: diminished thereby, but inureased four fold, the force growing np 
liin itself tbe more ropidly, the more itia opcnpicd !n producing oth- 
lorce. On the other hand, if mechanical force from without be used 
separate the particles to twice their distance, this force is not stored 
m momentum or by inertia, bnt disappeare; and three fourths of the 
-nciive force at tbe first inelance disappears with it. How can this 

'rof. Faraday sees tbe difficulty of reconciling the known laws of 
ivity with' the theory of Conservation very clearly, and Ibus attempta 
)bviate the difflctilty. Page 367 : 

rhe principle ot the conservation of force wonid lead m to aaanme, 
t when A and B attract each other less, because el Increasing dis- 
co, then some other exertion of power, either witbm or without them, 
iroportionutely growing up, and again, that when thn distance i^ 
linisbed, as from ten to one, the power of attraction, now increased 
undred fold, has been produced out of some other form of power 
ich has been cquiva!e::tly reduced. Tliis enlarged assumption of the 
ure of gravity is not more metaphysical than tbe half assumption} 
. is, I believe, more philosophioal and more in accordance with all 
■sical considerations. The half assumption is, in my view ot the 
tter, moro dosmatic and irrational than the whole, because it leaves 
o be understood that power can be created and destroyed almost at 
asure." 

?o save the valued theory, be creates in his mind an nnnamod and 
mown force or power, out of which gravity may bo educed, as nocea- 
■ demands. This is contrary to every logical principle, provided 
iwn laws of known forces will account for tbepbenuoiena. 
Tow, upon the laws here insisted upon, it seems to me, that every 
icnliy vanishes. In the first place gravity is a driving and not a 
wing force. Then it is a constantly received force, constantly stored 

imparted, or neutralized as the case may bo. At one half tbe dis- 
9 it roc'jives/four times the force. Why? He cause, were it occu- 
ngtho center of a hollow sphere at the distance of 4 the tendency 
nore towards every point of tbe sphere would be equal; now sup- 
e another sphere aboat it, at the di-tance of 9, the whole tendency 
nore out to that sphere would be Just equal to tbe former tendency; 

the amonnt of surface, or the number of points towards wfiich the 
dcncy would exist, would be, relative to the smaller sphere, as the 
ares of the distances, 81 : 16; that ie, the same amoirnt of force 
deiicy would be distributed over surfaces, relatively, as SI i 16; and, 
refore, the tendencies, are as, 81 for the smaller, to 16 for the lar- 
And when tho boUow spheres are removed all scirs a single point 



in each, the tendency remains the same, and ia converted Into t 
tnoMoti with such relative velocities. 

Where does it come from? I do not know, and cannot, in ph 
trace Us antecedents, any more than its conseqaents when neutral 
iind, as I do not purpose entering the realm of metaphysics, 1 eon 
no explanation of a truth whose demonstrations press about U3 lik 
i dir wg broathk if only, we will permit ourselves to observe theoL i 
logic of cominoo experience, and not lor the purpose of support 
system. 

What becomes of f^ravity when transmitted downwards m the 
of preRSuref la it finally neutralized^ or is it transformed into 
other form of force, as heat, or elcctricityr 

Dr. Stewart, m Oonservation of Knerg, Pase 153, condetlBln 
views ot Prol, Helmholts, in "Interaction of Natural Forces," 
pares tba univorso to a candle that is lit and burning out : "Ni 
this process goes on and always in one direction, there can be no ■ 
about the issue. The mechanical energy of the univerea will be 
nnd more transformed into universally diffused heat, until the uni 
will no lonffer be n fit abode for human beings." 

The argument is, that solar heat ia the source of ell mechanici 
ergy; the sun's beat is being continually dissipated, and there 
known adequate source of supply. 

We bavo seen that the first proposition i8 not correct, though 
heat is such an important factor in the mechanical process of this 
as to determine the fate of life on earth. 

Dr. Stewart accounts for the heat of the sun as follows, (P. IS 
"The most probable theory is that which was first worked out by] 
holla and Tbompsonj and which attribute the heat of the sun t 
primeval energy of position by particles. In other words it is su 
ed that these particles originally existed at a great distance from 
other, and that, being endowed with the force of gravitation, they 
since gradually come together, while in this process heat has been 
crated, just as it would be 11 a stone was dropped from the top of 
to the earth." 

That is, that gravity received during all the slow falling of the 
cles towards the center is stored up and finally communicated as 
to the mass oT the aun. There is no account taken in this theory ( 
neuLralitatiop. of gravity by centrifugal force, but the argument i 
good, for all the excess of gravity above such neutr Illation, by ^ 
of which the stow fall to the sun is caused, provided wo admit 
molar force may bo converted Into heat, of which I have found i 
Inonstration, or, that molecuUr forces, there as hero, may be 
formea into heat by percussion. 

-Z I'Qt US suppose that all the vast pressure caused by the continn 
received gravity in the sun's mass is converted into heat; wouh 
that give us an ample supply to keep the candle burning without 
ingt What are the evidences in support of such a theory? I hav 
lound many, for I have tailed to find where gravity or pressure if 
verted directly into heat; but the fact that the pressure is there 
Its destiny unaccounted for, and that heat is there and its origin i 
accounted for would seem to make it plausible. In addition tc 
we kuow that gravity may be converted into molar force nnd m 



ir torce into both hcnt and molar foreo. Besides, we liava tl.o Taci nS 
,'esbould expect, if ihe ibsory is good, tbat Iho interior of E;ii-ili ii hot. 

g 49. Molecular Cohesion is convertible into Molar Force. 

§ 50. Molecular Cohesion and lluacular Force may mutually resist, 
iilanco and neutralize eaeh ollif.r. 

§ 51*. Wben Uolecalur Cohesion is metamorptiozed or neuiralizud 
,s place ia continuously supplied by tbo same torce, received e<jual in* 
rements in equal times. 

1, The above three law3 may be illustrated and demnnatraled by (ho 
xamplo of the cross-boiT m;tdo of elastic wood. If it bo bent b}- iiiu 
lands, iQuseular enerjry is expended in the work, and bocDiiao of fobc- 
ion, the particles of the timber resist, and llie mutual resistance i^nL-s 
in so long as the restraint is continued. Now, in (Ins effort, muatuliir 
norgy is continuously applied, its la shown by ihe fV.ct, Ihat soon ilut 
lands and arms beeorne fatigued and exhausted. But the resif^innio oi 
ohesion is just as continuous, tor it at no lime slackens to the prfssiiro 
if '.he hands, Tbat it is continuously exhausted in e.xorlion, Ih sliowii 
ly the tact ;hat its cohesion is all tne lime lessened, so that, if the hhh- 
ular effort Do somewhat increased it, wiil be entirely overcome at iho 
I'eakest point, and the bow snapped. But if coiitiniiousiy exluiusteii, 
t must be in like manner reeeivud; and as the stronj^ili of the bow duvf 
lot vaiy, the increments of reception ninst be equal in equal limi'*. 
Vhen the bands are removed, the boiv straiplitens itself by having Us 
nds carried baok through space to their original lelaiive pofiit.oiip; the 
toliesion heretofore exerted in resisting mi'seular foreo beinji; cun- 
crted into molar force wuh that office. 

Dt, Stewart says of the erosa-liow, (P. 25) "Lot us lake, for instanc<', 
ho force ot elasticity, and/;onsnIor ivbittboppeis in a cross-how. When 
his IB bent, the boit is evTdontly in a position ot advantage w/ih reganl 
o the elastic force of the bow; and when it is discharged, this cniTgy 
if position of the bolt is convened into energy of motion, just as, when 
. stone on the top of a house is ullowed to fall, its energy of posi;ion ;» 
onverted inio that of actual motion, 

"In like manner a watch wound up is in a position of advantage 
vith respect lo the elastic force of the mainspring; and us the wheels 
if the wnich move this is gradually conyortca into energy of motion." 

Hero, bis point eocms to be, to prove that the muFCuiar energy «-iih 
vbieh the bow is bent and the watch wound, is mt loaf; but that it is 
tonvertod into enemy of position, and that isito molar torce. N'lw 
hat this cannot be so in tne bow, ia nbown by the tad, that wbeiluT 
he restraint he maintained for a second or an liour, the force of '' 
'caciion, and ibo speed of tlie arrow will be ihe same. The c.-certi 
if muscular energy for a long time stores, no more energy in the bow, 
ban for u short time. 

i. Mr. Spencer, (First Principles Pps. 269^270) takes an illusira'.ion 
rom the vibrations of a tuning fork to anslnin the proposition of the 
mivei-sul persistence of force, and attempts lo explain it on principlea 
limilar to those given of ibe swinging of a chandelier. After sbowin;; 



37 

liow a prong pulled out of its perpendicular by tbe finger vibiatea wi 
i-eleMcd, lio aaya : 

"Tlie force exerted b? tho finger in bending the prong cannot dia 
pear. Under wliat form does it exist? It exiata under ihe iorm of '. 
<;otie3ive tension wbich it has s'>n<^ruteid amongal tlie paiticies. 1' 
cohosivo tension can not exist without an equivalent rosult. Whai 
its equivalent resuH? ThO momentum generated in tbe prong wi 
being carried bacic to ita state of lesl. Tliis momentum too — what 
comes of itl* It must either continue as momentum or produce eo 
oorreiativo force of equal amount. It cannot continue us moment 
Hinuo eliange of place is produced by cohesion ot the parte; and ihu 
gradually disappears by being transformod into tiineion among lli 
parts. This is reiranaformod iuto the equivalent momentum; and 
on continuously." 

51 ow did muacular energy tnke the form of molecular tension, and 
Buch, store itself up among the particles of the prong, it would toll 
lliattho longer the prong was bent by the finger, the greater would 
Ibis tension, and the harder the puU; for evidently, llie muscular enei 
is cotitmnally expended ua in the instance of bt'i'dmg ttiu bow; becai 
that alter a time^ tbe finger becomes fatigued, liut ibis is not tbe c: 
lor the rebound of the prong will be as yruat at tbo end of a second 
oi an hour. 

Tlie truth la, that when tho prong is drawn back, there la an anta 
nism between the cohesion of its panicles and the mu.tcu'ar energy 
the finger, each resisting^ balancing, and neutraliaing the other; — i 
th:s continues so long as the strain continues. When tho finger is 
moved, tho molecular forces in the prong, continuing to pull as buf( 
are converted into molar force sufficient to cany the prong, not onlj 
the perpendicular, but as far beyond it against the tension of cohes 
on that side, until it la exhaualed by such resistance. But at thi-^ insta 
ibe puil o( cohesion on ibat side, ia, in its turn, converted into mc 
CorcB, in quantity sufficient to carry the prong back to tbe origi 
jioinl, where, it i", in turn, oshaustod by the pull of cobeaion on 1 
tilde, which is, in turn, converted into molur lorce; and tbua the pri 
viljrates from side to side, cohesion being continually converted i 
molnr force, ai.d in that form, conlinually resisted and exhausted 
■cohesion. Kridontly, there must bo a continuous aupply of cohea 
I'.irco, to lake the plaoo of that convened into molar force, as well 
that neutralized in resisting it. All vibratory or nndulatory aciior 
explainable upon similar principles. 

§ 53. Cohesive forces may resist and overcome each other. 

When tbe bond of the bow produced by muscular energy ia secu 
by llie bow string, the latter evidently fills the p'uce and office of 
hands, with tills difference only, that the hands would weary and 
tigue, while the string does not. As tho mus;:ular energy ot tbe bui 
antagonised ftnd neulraliKjd tbe molecular forces of Ihe bow, so, < 
dentlv, do tho molecular forces of tho cord; and as in the former etr 
^Ic, tlic molecular forces of tho bow are overcome and balanced, 
luu.st ibey be in thia. So, also, as the respective cohesive torcca of 
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hovt and string continuously neuLralizs eac-h other, must Ihey each he 
conliiitioiisly recuiVed. 

1. In the instance of tho mninapnng of a waleh given by Dr. Stewart, 
tho coil of the spring ia produced by the hand, tlie cohesive energy in 
ilio one, and lliu muacalar energy in the oilier, antagonizing and baj- 
iincing each othar 'n the v"inding of the watch; bdt when wound up, 
the place and ofHce ot the h.ind is taken anij filled by mechanical con-' 
trivancoa which bold tlio spring to its tension, loosing it litlle by liltlo, 
CO as to mark time. The cohesion ol tho particles ol* the spring, all the 
lime, resiat and is reeislod by the cohesion of tho parts by which it is 
held in conatraintj and as it is gradually loosed from constraint, the 
surplus pnll of ita particles is continuounly transformed into molar 
force, and in this form, imparted to the wheels and bands. 

2. Tho same principle obtains in al! raochanioal conlnvancos of cordu, 
hands, bolts, pins, nails and screwsj used to bold togeiuer differenl 
parts of maehlnea and other fabrics. 

5 53. Gravity resists and neutralizes cohesion and ia roaJated but not 
neutralized by it. 

If, with my arm by mj side, I hold in ray hand one end of a cord, at 
tho other end ot which is suspended a twenty pobnd weight, my arm 
Avill soon become fatigued, whicli shows that muscular energy is being 
oxpended against the gravity of the weight, which ia all tho lime acting 
against the strength of iny arm. And while tho mnsuular energy ia dis- 
(Tipiitod, so that it cannot be traced, and no further account can be taken 
ol it, gravity ia not neutralizod, but continuously transmitted; as is 
rthown, by tho tact, that if, while holding the weight as above, I aland 
upon a pair of platform acalea, they will all tho time show a pressure 
of my own ordinary weight, plus twenty pounds; precisely '.he same, as 
though I should lay the twenty pounds on the platform at my feet. 

>iow, tho cord all the time performs tho same office as my arm, it» 
oohosion all tho time rosiating gravily and being overcome and neutralin' 
ed by it, without the capacity of neutralising gravity in turn; precisely 
lis with the muscular enorcy of my arm. And it tho weight be euffi- 
i^icntly increased cohesion will be entirely oTcrcome at the weakest 
point, and tho cord will enap. 

It will be observed that the strain on the cord is equal at every point, 
at every point, cohesion reaisiing, and being reaiated and nontralized by 

A pillar of glass might support a slabof marble, weighing a Ion, fof 
ages, and yet, be crushed by the addition of a single ounce. In aueb 
cage, all the lime that tho marble might be resting there, it would be 
transmitting tho pressure of a ton liirough the piUar, to tho earth bt*- 
nealh, But this pressure would all the time be resisted by tho moieca- 
>ar lorcea of the pillar, which would all tho time, bo so nearly all neu- 
tralized by it, that tho additional pressure of an ounce would complete 
the exhaustion; yet this resistance would not iu tho least exhaust or roi 
tard tho continuous transmission of gravity. 

in this instance, as in that of the cord, tho resistance and D6ulraliza-> 
lion ol cohesion ia at every point. 
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§ 54. In all circutar, or rotary motion, cohesion is exerted, trans^ 
formed inio coutrilugal force, and neutralized by the same* 

■ 

A ball of clay turned on an axle, swells out into an oblate sphereoid 
^iid finally breaks in pieces, if the niotion is made sufficiently rapid. 

Water is thrown off from a turninpf ejrind-'Stone, and, if turned very 
rapidly, the stone itaelf may go to pieces. 

A cord, to which a stone is attached, whirled rapidly will snap, while 
the stone will fly off in a straight line. 

Now, it is evident, that in each of these examples, centrifugal force is 
balanced and bent in at every point, from right lines, by tbe cohesion 
of the clay, stone, or string, until it becomes the greater, when cohe- 
sion will be overcome and neutralized. And, all the time that oentrifu^ 
^al force is being balanced, it balances an equal amount of cohesive 
centripetal force. But this neutralization ot the two opposing centrifu- 
gal and centripetal forces, means a recomposition of forces, according 
lo the law of the parallelogram offerees, and the continual substitution 
of the centripetal force of cohesion, for the centrifugal force. 

Thus, if any wheel turning on an axle, be put into rapid motion by 
the hand, the muscular force is iraj^arted in the form of centrifugal force. 
Let the hand be taken awav, and the wheel will continue to turn for a 
length of time, 'No^t^ at every point, centrifugal force struggles to send 
the particles off in right lines, and cohesion pulls against it at right 
angles, so far bending and overcoming it that the particles move in a 
circle under the law of the composition of forces as oxplainodjof the ma* 
tions of the planets, so that, in one eighth of a revoiuUon, the two for- 
ces just equalize and balance each other, cohesion being substituted for 
oae half of the now exhausted initial muscular force. Eight times in 
one revolution, is this process repeated, so that, very soon, the part of 
ihe initial muscular force retained, becomes, almost, infinitely small. 
As cohesion is exerted, substituted, and exhausted, of course, its 
place is continuously supplied, so that, if the wheel could be re^. 
lioved entirely from friction and the resistance of the atmosphere it 
would revolve forever. 

This is finely exeraplifted by the swinging of a pound weight attached 
to a cord. When a velocity of 32 1-6 feet per second is ejiven to tho 
weight, it will fly out to the end of the cord, and move in a horizontal 
plane, exactly balancing gravity; but all the time exerting a pull or 
strain on the central pivot or support, equal to a one pound pressure 
If the weight be doubled, this pivotal pull will be doubled; if the velon 
cit}'' be doubled, the same effect will follow. If the velocity bo less than 
S2 1^6 feet per second, the weight will fail to rise to the plane of the 
central support, but the pull will be the same, except as to direction. 
In this instance, gravity will be but partially balanced, and th« pull will 
be partly that of centrifugal force, and partly that of graTity* The 
principle is taken advantage of and illustrated in the mechanical con- 
trivance called the Governor in the steam engine; and also in the rat>- 
ning of mill stones, where the nether instead of the upper stone is made 
to turn, for if the motion was given to the latter it would tend to lose 
its weight, and would not press down on the former with sufficient force. 
The principle hero, is, that the continually received forco of gravity, 



40 

inced by another conlinnnliy reeoived force, to wit: the conlri- 
Eorce, holding the weight to ihe pivot and eotnpouiKiing witli ita 
Tagal iorce. 

IIq gravity is, as we have aeon, in various instances continuously 
id, overcome, and neutralized, it la true, that the loss is always 
msnted. Thus when a etono is thrown upward '.hi projeotilo 
and the gravity received in the upward flight are rouiually neuirut- 
nd dissipated; while the latter force, received during lUe descent, 
■ed up in the tbrm of motive force, to ho communicated lo the earth 
neussion in the form of pressure. But accorUing to Sir Isaac iJew- 
expression, of the third law of motion, that action :ind reaction 
[ua! and opposite, the power, whatever it may be, which generates 
■ojoctilo force upwards, generates an equal amount downwards, 
18 coramuiioated to Earth as pressure. The projectile force up- 
i measures both the gravity neutralized, and the reaction down- 
, flo that they are exactly equal, and the eanh receives precisely 
mount of pressure that she would receive, were the stone not 
n upward from her surface at al!. But this does uot aid the Con- 
,ion theory in the least, for there is no translormiiiion or meia- 
losis of force, gravity does not transiorm into the reactionary 
ire of the project'le force, for instantaneously with (lie upwanl 
>f the projectile, tbe opposite reactionary force piissoa downward 
gii all supports into the earth beneath; while gravity, at that up- 
start,, only commences to be balanced and ncuir:tlized by the pro- 
I force, and this process of neutralization, continues all the tin.e of 
uent so that the downward compensating force, je actually paused 
! received by Kanh, baloro the compensated force of gravity has 
iisaipated, and even, before it has been received. 
1 this law of compensation applies, only wLon gravity is resisted 
her forces than itself. Thus, in the oscillatio.^s of the pendulum, 
lulated gravity on one side resists and neutralizt's gravity diirinfi 
icent on the other, and this neutralization is without compensa- 
So when & sione falls into a pool of water, a partuf the oceumu- 
gravity of the descent is imparted ti> drops of water at tho point 
pact in the form of upward projectile force; and during llicir ha- 
,hi8 projectile force neutraiizesgravitj'witbout compensation. So, 
in the orbital motion of the Moon, its gravity towards Eanh in 
lually neatralized by centrifugal torce without any provision fur 
ensatiOD. 

5. In combustion, the heat developed is simply the latent or in- 
e heat holding apart tho particles of the fuel and of the oxygon ot 
^mosphere, which becomes visible, by reason of tho fact ih:it since 
roducts of combustion occupy less r-pace thai, did tho elemonlH. 
is less call and use for latent boat to hold them asunder. 

the elements certain tensions were to be resisted, and certain 
Ills of heat were necefsary to do it. In the products, tho atoms 
larticles are arranged nearer together, in consequence of which a 
mount of boat is needed to resist tensions, and the surplus appeam 
Bible bent. Thia sxplAnaiion is not new, but 1 give it, because 
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I desire to call attentioo to the faot» that while Gonaervatiooists seam to 
accept It they do not make fair uae of it« If it la a correct explanation, 
of the phenomena of combaationi it ia very evident that fhr the larger 
portion of the heat rendered apparenti moat be latent in the oxygen; 
for that| and not the eoal, la contracted into smaller space in the act of 
burning. Bat, as will be seen hereafter, in dealing with the doctrine 
of Conservation, scientists treat the sabject as tboagh the visible heat 
were derived altogether from the coal. 

§ 56. The heat developed apon the percnaaton of bodiea is due to 
the transformation of m es al a a force. ^^MuCuAtf 

It is hardly necessary to qaote anthority to show> that the present 
universally received theory is, that such heat is bat the transformation 
of the molar xotioh, as some put it, or of the force producing that mo- 
tion, as others have it, with which the. body or bodies moved before 
impact. 

Every day experience demonstrates that in impact molar force is com- 
municated from one body to another, without aeit ssnsibli diminution. 

I will take an illastration from Dr. Stewart, (Conservation or En- 
ergy, P. 89.) An inelaatic body of mass 10 and velocity 20, strikes di- 
rectly another inelastic body of mass 15 and velocity 16, the direction 
of both motions being the same. The United mass will, after impact, 
move with the velocity of 17. ''What, then, has been the influence of 
the forces developed by collisionf The body of greater velocity had 
before impact a momentam of 10 times 20, equal 200, while its momen-^ 
turn after impact is only 10 times 17 equal 170; it has therefore suffered 
a loss of 80 units as regards momentum, or we may consider that a 
momentum of 80 units has been impressed ufion it in an opposite direc*^ 
lion to its previous motion. 

''On the other hand the body of the smsller velocity had before im- 
pact a momentum of 15 times 15, equal 225, while after impact it has 
15 times 17, eqaal 255 units bO that its momentum has been increased 
80 unite In its previous direction. 

<<Tbe force of impact has therefore generated 80 units of momentam 
in two opposite directions, so that, taking account of direction, the mo- 
mentam of the system m the same before and after impact, for before 
impact we had a momentum of 10 times 20 plus 15 times 15 equal 425, 
while after it we have the united mass 25 moving with the velocity 17 
giving the momentum 425 as before. 

<^But while the momentum is tho same before and after impact, the 

visible energy of the moving mass is undoubtedly less after impact than 

before it* To see this we have only to turn to the expression of Art. 

.^ 28, firodi which we And that the energy before impact was as follows: — 

.Energy in kilogrammetres equal the quotient, of the product of 10 into 

' the square of ^ plus the product Of 15 into the square of 15 divided by 

19.6 equal 876 nearly, while that after impact equals the quotient of the 

product of 25 into the square of 17 divided by 19.6 equals 868 nearly. 

<<The loss of energy will be st:Il more manifest if we suppose an ine- 
lastic tody in motion to strike against a similar body at rest. Thus if 
we have a bodv of mass 20 and velooitv 20 striking against oneof equal 
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maB3 but at rest, mo voiociiy of tho doubic mass alter impact wiil ob- . 
viously bo only 10; but, as regards energy; that before impact will bo 
tho quotieqt ot 20 into the square ol 20 divided by 19.6, equal to 8000 
divided by ID.O, wtvilo that after impact will be tho quotient of the pro- 
duct of 40 -into the square of 10 divided by 19.6, eqdal to 4000 divided 
by 19.6, or only half'tho tormer. 

<<Tbu8 there is in aU B«ch cases an apparent loss of ^irisible onergty, 
\olii)e there >B at the saro* trne the proouclion'of heat on account of the 
blow whicd takes place." • 

JSow, it will be observed, that m this illustration, Dr. Stewart, tacit- 
ly admits that^itis decesnryto abi># aom^' loss of visible energy upon 
impact in order to allow for any of it- to have heeo oofiverted itito heat> 
and this he attempts to do, on his law, elsewhere noticed, that the en- 
ergy or w<»riiing oapiKHty oi a moving body, m as tiM aqfiiare of Us velo- 
ciiv> bat'tiia&ptH)po9itioiiy L have ahown. § 15, to be untenable; and if 
there IS. no loss <^i ^^visible eaergy/' there ianotbin|(of molar forro 
that C0914 have been converted iiUo heat, and we have to look else- 
where for its origin. 

It will be noiiced) that JDr. Stewart aoeoifl to nee his law above re- 
ferred to in a diflerefit sense in the illustrations of att ascending stone 
nnd(a rifiO'balL It seem » to be-assiiinedi that velocity is proportioned 
to force, in the one instaaee, where mass is constant, and inversely to 
the product of raasa into force, in the other, where mass varies. Thus, 
he would seeia to aMSttEaey that the velocity of the aaoending body is 
proportioned- to tho force; and if that i» bis nieantng, then his law would 
read where, me^s- i$ constant, visible energy or workincf power is as the 
square of the force ^ting. So, he seems to assorae in the rifle illustra- 
tion, that the respective velocitiies of tbe ball and stock are, aa the pro-» 
ducta of maaa into force, or, rather aa to mass, for here foree is codstant, 
and if that is bia>meanir)g>{bi4 law. would read, where S»rce is constant 
and mass varies energy or working power is aa the square of the mass, 
but whero both ifism and foree V4^ry, it iaaa theaqoare oi tbe prodact of 
niasa into force. • 

But in Uwae lUustratio^a from the impaet of bodiea, be seems to mean, 
that it \3 force itself which is as the square of veloevty> that is, that u 
takes four tieiCB the fteree to p^rodiioe doable the veloei^y, attd'iirne times 
the force, tfi produee triple thi» velocity; for a«ch is oertaioly the only 
logical dcduptions from the illustrations. And this ia exactly the pro- 
position of Pi*of. JSewGoznb, who says i ''The force required toiinpresa 
a given velocity- on a.body falliog through any distance ia proportional 
to the square of the velocity, four times the force lacing required to give 
double the velocity, nine times to inoreaiie it three fold and so on*"— 
Pop. Ast* Pag^ 487.. . 

But let \m see what really takes place, upon impaot. In the first ex« 
ampleglvenby Prof. Stewart, the larger body moves under tbe lufinence 
offeree 22^, /or znomentum, tbe product of mass into velocity is the 
jiieaeure ot force, and the smaller body under force 200« Upon impact 
the smaller body, with the greater velocity, imparts force 80. to the 
larger body^ with amall^r velocity, and the latter reoeives what the for- 
mer impartai.so that the united mads moves with the same velocity 17, 
but tho measure of force in what before constituted tbe smaller but swift- 
er body, IS ^0 lesdj and in the other, 80 more, 170 and 235»re3poQiively . 
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17oW| it IS ovident, that there Is no^enoration of force or momentum 
hero, DO*lo6s or gain^ but simply, an oquali^ation. It is' therefore inac*« 
carate to Bay, that >^a momentum: of 30 units has been impressed upon 
ttie smaller body ia tb^ opposite direstion;" it has simply lost force, 
and with it momentum by impartation. It is^ also, inaocul*ate to say, 
that, /'The force of impact has iheretore genorat^d 30utiitB of momen- 
tara in two opposite directions;" for there has been nothing generated; 
force b^s been. communicated and received, and mofi6n consequently 
odt and gained. Th^ra is a reduo^ioa of motion in the transferer of 
orce, and an augmentatioi^ of the same in the firansferee. 

Nor does tho example illustrato Sir Isaac Newton's rendering of the 
Ihird law of motion, for which Dr. Stewart introduees it, to wit :* "Ac- 
lion and reaction are e.qualand opposite, so that when two bodies come 
n collision the forcesi at work generate equal and opposite quantities of 
momentum," for therein no reaction. in the case, and no opposite mon 
montum generated. ». .':..« 

Now lot us suppose the two ceUiding bodies moving in opposite di- 
rections and gee what is. the result. Evidently the smaller body will 
]o8o all its forward motion, but. the larger one will not. The'explana« 
ion is that the force, 200, of the. smaller body will all be nentralized, 
bat it will at the. same time neuu*alize the same amount of force in the 
larger body, leaving 2$ resiiiluary units; and thisremaining force will be 
equalized throughout lUe pnited mass, so that the whole will move in 
the direction of the motion of the larger body, with amomefntutn of .1. 

If the two bodies collide at>au angle, the forces will be equalized, 
and the united mas4 will .naove in a direction, and with a velocity, de- 
termined by; the law of the paralieiogram- ot forces; all the residue of 
orce, above what is necessary to produce such motion, beibg neutral- 
ized in the collision. In such oase, equal quantities of force from the 
two bodies are neuttaliaed. * 

Dr. Stewart's second illustration, sbows that in impact, of a moving 
body against one at rest — unaltaehed to tho earth, the law prevails, 
force 18 imparted on the same principles. So, also, when a body, large 
or small, with whatever, velocity, collides with the earth or any object 
£rmly attached thereto, tl^e same impartation and neutralization of for- 
ces take place, under the law, of the pacallelogram of forces. 

Wo fail, then, to find, that molar force ist converted directly into'^beat, 
br it is all, either aecQunted lor, or peutvalized in percussion, accord, 
ng to the direction m, which the colliding bodies move. And, I do' not 
egard the expenpaeijts of Joule and. others, as satisftictorily settling 
bis question, since pQ account was taken of molecular forces^, and^the 
ossibility of their haying been the origin of the heac evolved^ 

la the ilJustrat.ioQS of the bow. and tuning fork, we have tseen how 
hat when tho constrain ti is removed from the tension of cohesion in 
hem, molar motioi;!; 13; instantaneously produced. It an elastic ball be 
brown against a wally the moiion.of the forward side, being eudaenly 
rresied, the particles Jar the r back are dniven by the molar force, for- 

ard in and upon the particies in^front, against the resistance of mo1e<«i 
ular forces; by which resifttanoe the.mo^ar force is bftfanced and neu- 
ralized, when, tho molecular forces relieved from this tension, are met- 
morphized into molar force, carrying the ball off from the wall. 

But, if a ball of clay, or putty, be thrown, the molucular forces are 
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'eroome^ and oentnliKed by tbe moI«r foroa, the ptrtioles ire broken 
«rt from ewh other, and the ball is flatteDed against tbe vail. 
When a stone Is tbrown, motion it saddenlr arrested as before; tbe 
irtioles farther back tend to rush in upon the forward ones; there ie 
e same resiatanoe, bat tbe effect ia different; tbe stone neither breaks 
id flattens, nor flies offj tbe blow on tbe wall Is moob harder and boat 
evolved. 

We have seen how, in tbe lorm of pressnre, gravity is transmitted 
twnward without diminntion, thongii all tbe lime lesisted by and 
ratraliaing cohesion, 80, here, the molar lorce of the stone, though 
laisted by eoelaneonsly nentralized molecular forces, is transmitted 
idiminished to the wall. Now, at the moment tbe molar force ia a)i 
immonioated to the wall, the constantly renewed, still acting moleou- 
r forces, left wHbont a neatrallaiog balance, not broken by the dio* 
iption of tbe particles, as in the ball of clay, not able to generate op* 
>eite motive force, as in the rnbber ball, are converted into heat. 
80, if tbe wall be inelastic, there is the same strain on the molecnlar 
roes where the inll strikes; it is passed off and forward as a throb 
pretsare, and tbe relieved cohesion explodes, so to speak, into heal. 
We most suppose that npon pressnre, percussion, or other strain, mo* 
CBlar forces are called into resisting action to the lull cqQivalent of the 
mnteracting force, or the limit ot tbe cohesive tension of the particu* 
r substanoe, whichever is first reached. If it ts the lutter, cohesion 
destroyed and lost, and the body breaks or crnmbles; if the former, 
ibesion oonstantly resists, is exhauated in resisting, and is constantly 
Dewed nntil the opposing force is withdrawn, when, there being an 
■needed surplns above the ordinary uses of the particles of the body, 
lis sarplns of force mest he and act in some form, nntil oeatnillKed; in 
astic Eradies it becomes molar force, in inelastic l>odles, beat. But as 
> body is perfectly elastic, or perfectly inelastto, npon every percussion, 
takes on more or less of both forms. 

Friction may be considered as being an almost infinite number of 
lall ooetaneoas collisions between the particles of Ihe rubbing bodies, 
id tbe erolntion of beat thereby is explainable on the same principles, 
Tbe argument may be thus stated : Before impact we have two modes 
'force, motive and molecular to deal with. Upon impact, a third 
ode, beat, appears. Whether is it a metamorphosis- of tbe recent mo- 
ror molecuUr force is the questionf That it is not of tbe former, is 
lOWD by tbe fact, that it is all either neutralized or traneferred 
tthout diminution. It can be ac-cnrately accounted fur by the taw of 
mpoaitioQ of forces Dr. Stewart's supposed law of the mnltiplka- 
in of enei^y according to the squares of velocities, we have seen to 
inutenablo, and therefore, incapable of rendering support to the by* 
itheeis. We are driven therefore to the other alternative. Molecnlar 
rces must correlate with boat upon impact. And this seems to bar- 
onise with the tacts, that the latter are constantly received forces, 
bich may, and frequentlv do, melamorphose into motive forces, 
])r. Stewart sars : "If a kilogramme of water be dropped under 
%vHy from a height of 424 metre", tbe velocity which it acquires, will, 
wholly converted into heat rkise its temperature one degree C Fur- 
ler if it be dropped fhim twice tbia height, its temperaturo will be 
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raised 2^ C , if from three limes the height 3® C, and so on.'* i^lc- 
ftientary Physics, Pago 206, 

The first thing to bo observed in this paragraph is the usual inaccu- 
racy of language in handling tho subject, making velocity nielamor- 
plioso into HEAT. The next thing that 1 would observe is that if molar 
force ever passes into heat at all, certainly it never aid in anjMnstance 
and never will wholly so metamorphose. But what I desire to noiico 
more particularly is tho numerical inaccuracy of the conclusion arrived 
ai. A fall of 424 feet gives a final velocity «f 165.16 feet while a fall of 
^4S feet gives a final velocity of only 228.56 feet. Final velocity meas- 
ures the gravity received, that is the whole force available for conver- 
tion if convcrtiofi be possible. Therefore if a fall of 424 foet would. 
give one degree, then a fall of 848 feet could give but 1,85 degrees in- 
stead of two degrees as given by Dr. Stewart, whiiea fall three times 
a-* great would give a final velocity af 286.3 feet and 1.73 degrees of 
heat. 

The error is the old one of taking tho distance fallen instead of the 
velocity attained as the measure <3f force. 

Another argument against the doctrine of the Converlion of molar 
force into heat is found in the fact that it is onlj' near the surfaces ot 
i^ollision that it is generated. The halchet head is heated in ham-ZV' / 
meririg but, the 'b ao l i a s not. If the heat was bn^ tho iransformaiion/rut^ 
♦if checked molar force, thero appears no reason why one part should 
not bo heated as readily as another, 

§ 56, In the Steam Engine the power manifested is produced by tho 
trunigtormation of Molecular forces. 

The steam presses ail the time against «^.vory p&rt of the interior walls 
of tho cylinder of course, without any loss of its heat force, no matter 
h'jw long the pressure continues. * At the same time, there is neeessa^ 
rily a counter pressure or resistance by the cohesive forces of the cylin- 
der walls, the one side resisM'ng and pressinjir the steam against tho oih- 
tir, and the reverse, something as tho molecular forces of the bow and 
string resist each other. 

liut the molecular forces of ihe metal, while continually resisting and 
exerting themselves, are continuously neutralized and renewed, as 
shown hy the fact, that the cohesion of its particles may be so nearly 
balanced, for any length of time, that the addition of another pound of 
steam, completely overcomes it and tears the cylinder in pieces. Now,, 
while the cohesion of the walls, press U\ from every direction agtiinst 
The out-pressing steam, the adhesion of tho piston rod to the walls be- 
ing less than this pressure atrainst the steam, it gives way, and^ the suiv 
plus in-pressing cohesion, being relieved somewhat of the opposing 
strain, goes out as molar force, acting through the steam^ against tho 
piston, like as thronghjihe piston it pushes against ontRide obstructions. 
Bat the force thus transmitted as molar force, is continuously renewed 
as molecular force. 

If tho withdrawal of the inside pressure, should, from any cause, l)o 
pudden and great, the in^prossing cohesion being thus suddenly relieved 
of th<? opposing tension, woald take tho form of molar lorco, perhaps, 
rending the cylinder in an explosion. 
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ion of molucuiar fovcea, where reaislJince to them ia wiilidrowii. To 
et and balance ihe resialing forcoa, moleculai' forcoe are called npon 
do extra wortc, und to mdke extra expenditure, and, when the reBi»- 
io« ceuses, the extra colieaion called bi't not used, must have work to 
until the call and expenditure can bo equalized, which takes limo, 
1 it it does sot find room und olSue as another lorce, it sbows itiioli' 
heat. 

>(■ coarse, the anionnt of either molar force or heat thus eyolted, most 
'respond very accurately in measure, to that of the opposing forcei* 
,t it is called olit to resist. If heat is the result of roaisting molar 
ce, the heol should correspond in measure with iho molar force re- 
.cdj aince-lho molecular force resisting and tranaformad into beat ia 
t its equivalent. So if molar force is developed by rosieiance to heat, 
I molar Ibrco and heat should moaaure each other} since each meosi 
IS the resisting transformed molecular forces. 

L'bo problem for solution in the action of the steam engine, is to as- 
tain which force it is, heat or cohes-on, that ia transformed into molar" 
ce. Both forces are present resisting each other — ia a portion of tho 
It converted into worning force? or is it tlie molecular forces called out 

extra work againat the steam presaure, that, upon being relieved 
m tne tension ot this extra work, rush into the molar form? The 
iblem is difficult, particularly so, becauae both forces are present iii 
f experiment that can be raado, und beat always there in two inter- 
ingeable forms. For^ if upon tho espulaion of tho piston, there is a 
i of visiDle boat in the steam, how can it be snown that tlie apparent 
i is not simply a change into the latent state? 

Hut we may j^ain some instruction from the action of Ibo air gun. I 
npress the air in it by tho expenditure ol muscular energy; heat iia 
lived. Where does it come from? The lull amount of the muscular 
ergy acts through the column of air on the walls of the gunj thst i» 
i converted Into heat, T!;a heat capacity of the air is lessened by 
npression, a portion of its latent beat becomes sensible. But, be that 
it may, this extra aonaibie boat Will soon be conducted away by ther 
I barrel, and then we havesimply a column of compressed air ot the 
le temperature aa the aurrounding atmosphere. 

iow certainly the energy of this column of air does not depend up- 
any heat received by tbe compression; fori ta visible beat is the same, 
1 lis latent heat less than before compression, liet a stnp'.cock bo 
ned upon it, and we have for any length of lime, a strogglo between. 

expansive force of the air, and tbe cohesion of tho particles of tho 
rol; just as we bad a struggle between tbe molecular forces of tho 
V, and oftbe string; and this struggle wo may maintain so long n^ 
please; the molecular torcea oi the metal being continually neulraliz- 
to the extent ofthe extra tension nccesnary to resist tbe inside pres- 
e, and continuously renewed to the same extent, but tho forces in tbe 
umn of air remaining the same. The air is turned upon the bullet 
I it is driven out with great power. What drives il oul? that is what 
■".ion of tho contending forces, enters into it and carries it in its flight 
ongh the air? Tho forces in tho compressed air? If so, it would 
} Its espanaibility, would it not? Tbc»e forces are elruggling all tbe 
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\imo to do what? To carry the parliclee of the column of air to their 
normal distance asunder — to place them relatively to each other where 
ihey Tvere before compression took place. And do they not do that 
Ihing instantaneously? Do not the particles rash apart, just as they 
havo all the time been struggling to do? What is it that carries them 
apartj il not the forces that all the time have struggled to do so? And 
will it not take the same measure of force to carry them asunder^ that 
was employed to resist their compression? It seems to me, that even 
the doctrine ot Cons£RVATIon, necessitates the belief that it has beenlhd 
Hamo forces in the same measure all the way through, bolding tbe par-< 
tides asunder, resisting oomprezssiony driving them apart upon their 
release, and again holding them so. if so, we shall have to look 
elsewhere to find the origin of the force which driyes thd ball. That I 
find, of course, in the suddenly released, extra forces of cohesion, in the 
particles of tbe barrel. It Would seem strange if tbe forces which had 
been struggling, for days it might be, to separate the particles of confin- 
ed air *.o their original distance, should, at the very instant of their re- 
ieasoy instead of doing tbe work Ihey had so long been endeavoring to 
do, metamorphose into another form to do anothor work» 

In the explosion of gun powder, m gunnery, we have the same prin- 
ciples in part illustrated. The powder unites with the oxygen of 
the atmosphere in combustion, the new compound being much more ex^ 
pansive than the old ingredients)* the particles, therefore, struggle to 
rush apart by virtue of the repulsive forces in them) they are antago*« 
ii'izod by the cohesion of tbe particles of the gun barrel, the ball is 
forced out, and tbe particles of tbe newly formed substance rush away 
from each other, carried, of course, by the repulsive forces generated 
in them. But where does the force which carries the ball originate? Is 
ip a part of tbe force that was pushing against* the gun barrel to get 
room for the expansion of the newly formed gas? If so, how is it that 
when iree to act, it does not still push away the particles? And, as in 
the former illustration^ here, again, of course, the forces strugglinsc to 
free and expand the gas to its normal condition, are the forces that 
would nave to be overcome in reducing it back to the cond'tion ii was 
in, before the spark was applied. That is, the force which holds the 
particles of tbe gas asunder, is of the same measure as that which earn 
vied them asunder, which struggled against the metal walls, and which 
would have to be overcome m retransforming the gas into powder and 
oxygen; so that, there is nothing to spare as motive force to carry the 
ball; thus leaving us to look to the cohesion of the metal for such forces 

Going back irow to the steam engine, when the piston is driven out^ 
the struggling particles of steam get as far away from each otber ad 
possible, filling up the vacuum; if an escape valve is opened the steam 
rushes out with great power to a considerable distance, and the parti- 
cles then get away from each other; if a boiler bursts the steam spreads 
out with great force and to a large volume. Now what is to be no^ 
ticed here is, that with the steam, as with the compressed air, strug<^ 
glmg to expand itself, its particles do rush away from each other when 
permitted, even to the filling of a normal volume. What drives them 
apart? Eeat of course; heat that is in them gives them motion away 
from each other^ and goes with them in the motion. Is a part of this 
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converted into molar force? If so it does }%m» than it striigp;Ied to do, 
that is, steam at a certain temperatare, required a certain amount of 
space for its occupancy, it has just heat enough in its particles to carry 
them far enough to fill such space; it struggles to carry them to itn 
limits; it is resisted; finally the resistance ceases, and the heat does 
what? drives apart the particles to which woi'k it is just equal? or met- 
morphoses itself into another force to do another work*' We know it 
does the former, we know it drives the panicles asunder; just what it 
was equal to; why should we say that a part — a very large part of it is 
at that moment transferi^ed out of the steam into the cylinder and meta* 
mor])hosed from heat into molar force? 

§ 57. Heat is a mode of Force. 

This is the sense in which 1 have used the woid, but as it is b}' high 
authority defined otLerwise, I thought well to notice it further here. 
Thus Prof. Grove in "Correlation of Physical Forces," Page 40, R&y-* : 
**Heat thus viewed, is motion/' Dr. Stewart says that it is *'a species of 
motion." "In the argument now given, we have only two aitcrnaiiveT* 
to start with — either heat must 'consist of a motion of particles, or, 
where percussion or friction is converted into heat, a peculiar Kubstanee 
called caloric must be created, for if heat be not a species of motion, it 
must necessarily be a species of matter. Now wo have preferred to 
consider heat as a species of motion to the alternative of f»iipposing a pe- 
culiar kind of matter." (Conservation of Energy, P. 40,) Prot. New- 
comb says: "it is. now established that heat is only a certain form of 
motion." 

Here, as elsewhere, these great thinkers, like most others who have 
written[|on the subject; tail to accurately distinguish between Force and 
Motion, sometimes saving the one when they really mean the other, 
and often leaving it difficult for the reader to determine which, reallj'^, 
is meant. Prof. Grove m several places classes motion as a species of 
Force with Heat, Electiicity. Light, Magnetism, and Chemical-Affinity. 
Herbert Spenser speaks of motion set up in any direction being a cause 
of other motion in the same line. Now, when it is remembered that 
Motion 18 simply a change of place, or position, in space, it will be seen 
that confusion of thought is bred by this inaccurate and indiscriminate 
usage of terras. For^ no one means by Heat, the manner of the change 
of place, but the power by which such change is determined, educed or 
caused. But the above quotations show that scientists generally have 
no very distinct notions regarding the true character of' either force or 
motion. 
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§ 58. Heat neutralizes Molecular Forces. 

Heat is present as a repulsive force in the particles of all known mat- 
ter tending to drive them apart, holding a continual struggle ngainst 
molecular forces, the latter sometimes preponderating when the particles 
will cohere in the form of a solid body, the former sometimes the more 
powerful when the substance will exist as liquid or vapor. The differ- 
ence in the two forins of force is that heat is a constant force never 
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neutralizod but continually ebbing and flowing through matter while 
molecular forces are constantly neutrahzed^and as constantly received. 
Ill a piece of ice, at 31 degrees heat may struggle against cohesion for 
weeks, at 33 degrees it overcomes; all the time of the struggle it is neu- 
tralizing it. 

§ 59. In vegetable life there is, within, a directive principle which 
takes hold of, uses, and controls the forces of inorganic natuio in the 
building up of the individual plant. 

It is held that the forces used in vegetal growth are all correlations 
of solar heat. Mr. Spencer says, (Krst Principle-^, Page 209:) "Thus 
the irresistible inference is, that the forces bj' vvhieli plants abstract 
the materials of their tissues from surrounding inorganic compounds — 
the forces by which ;hey grovv and carry on their functions, are forces 
that previously existed as so!ar raj^s." 

Dr. Carpenter says : '^llonco we seem justified in affirming that the 
correlation between heat and the organizing forcti of plants is not less 
than that which exists botweon heat and motion.'^ 

Prof. LeConte saj^s: (Connervation ofEneru'v, Page 177,) "It would 
seem in this case, therefore, that physical force (light) is changed into 
nascent chemica' force, and this nascent chemical force, under the pecu- 
liar conditions present, forms ori<anic matter, and reappears as vital 
force, Jjight falMng on living green leaves is destroyed or consumed 
in doing the work of decompositionj disappears as light, to reappear as 
uaseent chemical encrg}'; and this in itH turn rtisnpj^ears in forming or- 
jLjanic mutter, to reappear as the vital force of the organic matter thus 
lormcd." 

There is no question that the solar rays supply a veiy important fac- 
tor in the plant developement, but it cannot bo shown that all the forces 
of vegetal life are thus derived. Capillary forces fill a large office, in 
extracting nutrient material from the soil, and carrying them into the 
bvantihes and leaves of the plant,. Chemical and molecular cohesion are 
other Urge factors in vegetable life processes. One office, at least of the 
solar rays, is to resist, overcome and neutralize, chemical cohesion in 
certain compounds, as carbonic acid, whose elements are needed in the 
construction of the various products or vegetal life, Tlieee decomposed 
ulements enter into new combinations, by reason of the forces of chemi- 
cal cohesion; and these new compounds unite by virtue of the forces of 
molecular cohesion, to form the various tissues and organic parts of tno 
plant. 

Now I think that it has never been and cannot bo shown, that any of 
thetfe forces are correlations of solar forces, any more than it can bo 
shown that Gravitation is such a correlation. They are forces which are 
alwaj'S present, and always act, when the proper conditions are present- 
ed, whetner such conditions have been produced by one cause or anoth- 
er. Their antecedents cannot bo traced, any more than can the anteee-. 
dents of gravitation. We have heretofore, seen, that molecular force is 
a constantly neutralized and a constantly received force. This is well 
illutftratod in the undulatory waving of trees, and other plants beforo 
the winds. These cohesive forces of the plant resist the pressure of the 
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osphoro, nro ovL'rcomo by it to a certain extoni; but, finally over- 
iiij; it carry the t.iem of the plant bick to the perpuridicular, an J, in 
IS SO) gonei'Dle motive f'orco sufTiciont to carry it on back against 
proiixure of ibd wind, &b well bh against tho now resisting collusion, 
il fauch n.otivo force is in turn overcome, tind the plant is ajiatn car- 
forward by the wind, and by molecular force, converted into mo- 
foree, in tho former direction. 

ut it is very clear, that these forces are all resisted, and to a j^rcat- 
r lees extent, overcome by gravity. Capillary force acts directly 
nst gravity, OTorcoraing it to an extent, and being overcome by it. 
cohesion of particles enpbies the limbs of trees to resist gravity; 
two forces mutunlly counteraclins each otber, and cohesion being' 
;inuouely neutnilized and renewed, 

tl the forces of vo20table lifu ore, therefore, but the ordinary inor- 
ic forces of nature, solar forces, capi Mary lorces, atomic forciis, mo- 
lar forces, etc., laid under contribution, and pressed into service in 
dovelopement of the plant. There is no "vital force," then, whicli 
IS hold of the nutritive elements and Dtiilds them intoja living. organ- 
■ What 19 there? What Dr. Carpenter calls a "directive agency," 
incipJQ which takes hold of these ordinary inorganic forces, and 
. tbom as its servants, in. doing its work of plant making, 
r. Carpenter aaya, speaking of this principle as found in the plant 
n : "The special ntlrihute of tho vegetable germ is ils power of 
zing after its own fashion, the heat which it receives, and of apply* 
itas a conslractivo power to tho building up of its fubr'C after ita 
■acterislie typo." 
ut what is ibis principle? What is its character and nature? I an- 



60. A Personal Inlelligence within the plant. 

define it an Intelligence, because it does intelligent work. It lakes 
■udo nutriment from tho soil, carries it to the leaves, decomposes it^ 
recombines it with materials taken from the atmosphere inio nood; 
:, fiber, starch, sugar, and a thousand other things, nutrient, innoc- 
is, or virulent, and builds them, particle by panicle, into root and 
1, and branch, and leaf, and fiower, and iruit, just when and whoro, 
hotv, it is fit and proper, i^o arrbilect', with compass, and rule, 
material furnished, molded and hewn to his hand, ever built or 
.nod edifice, so intricate, grand, and wonderful as any one of a 
isand plants of garden, field, or forest. When it is shown that some- 
g else in the universe than intelligence, can do intelligent acts, it 
bo time to doabi that intelligence builds the plant. 
y a personal intelligence, I mean an intelligence thttt^is individunl- 
nnd independent, having a separate and definite identitv, which 
Id bo what it is though all otner intelligences wore annihilated. For 
ti'atinn, each stalk in a field of corn grows as though it wore tho 
■ stnllc in oxJstencoj annihi'ate all other corn, and all other vegela;. 
, and this plant will survive, and its intelligence, will go oa per- 
ng tho Btrucluro Just llio same. 

sny intelligence WITHIN, because intelligence, like forces, nets whertr, 
preaent, and not ut a dietanc». 
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? ^We hare here, then, a higher principle; something above the forces 
of nature; something laying hold of them, organizing, controlling, mold- 
ing, and using them on a plan, for a purpose, to an end. It is a vit^il 
l^rincipie, but not a vital force; and if it correlates any torce of plant 
Jifo as Dr. Stewart and Mr. Spencer claim, a wider scope must be al- 
lowed to the doctrine of Conservation, For not only must. forces meta* 
niorpJiose into each other, but into another and higher mode of being 
as well. This is a point which cannot be carried by aasumptions; evi- 
dence must be brought to its support. But if the hypothesis is not 
correct there results a hiatus in the correlation of solar forces in the 
plant. 

Eut the doctrine is presented in another aspect. It is said that sun 
heat is stored up as energy of position in the plant fibers to be after- 
wards evolved as heat in combustion at such times as the vegetable 
libers may be used as fuel in the form of wood or coal. 

In Conservation of Energy, Page 143, Dr. Stewart says : '^Fuel is 
of two varieties — wood and coal* l^ow, if we consider the origin of 
these we shall see that thev are produced by the Sun's rays. Certain, 
of these rays; decompose carbonic acid in the leaves of plants, setting 
free the oxygen, while the carbon is used for the stru3ture or wood of 
the plant. Now, the energy of these rays is spent in the process. 

^* We thus see that the energy inaplied in wood is derived from the 
Sun's ray's, and the same remark applies to coal. 

"Wo are, therefore, perfectly justified in saying that the energy of 
fuel IS derived from the Sun's rayfe." 

Prof. Liebig says: "Without the light of the Sun plants cannot 
grow. The living germ, the green leaf, oWe to the Sun their power of 
transforming earthly elements into living, vigorous structures. The \\^ 
laminating and heating '•ays of the Sun, in thus bestowing life lose their 
own light and heat. Their power now beconaes latent m the new pro^ 
ducts of the frame, which have been produced under their influence 
from carbonic acid, water and ammonia. The light and heat with which 
our dwellings are illuminated and warmed are but those bestowed by 
the Sun." 

Now, in combustion, by far the larger part of the heat generated is 
derived from the oxygen of the atmosphere. So that the proposition, 
under consideration can be, but very partially, if at all, true. At most, 
if is a pretty but unproven theory of possible liinited application. 

§ 61. The vital principle in a plant, while individual and indepen- 
dent, may at the same tiiue be aggregated of any number of individual 
intelligencics. 

In the apple tree, for instance, each branch and bud ha8> to a certain 
extent, an independent and individual life; for it may be detached, aa(iv 
made to grow into an independent tree; biit while attached, it helps t'^- 
make the life and growth of the parent tree. 

§ 62. The intelligence of the growing plant, organizes other intelli* 
gences like itself, and wrapping theni in seeds and kernels, h^ys theta 
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1 the poaeibihlies of myriada of other like tntelligences inl 

The individnul intelligence of a single plan), while acting onl 
ul plan, or type, may, at the suDie lime, worif out Boveiul ia>l 
'orielies of such plan. 

evoral manners of apples may be seen, growing; together, < 
Tom buds or grafts from other trees; (he Jiitolligen{:e in tl 
-anches, working together on one general plnn, but ut I 
), on diverse but kindred individual types. But ihe li'eo w 
walnuts, because the two types are so far vurient, thut tlicy 1 
I worked into one general plan. 

The inorganic forces, taken np and Qsed in plant life, b 

re not neutralized in the using under laws already giver 

arned as received, or metamorphosed into others. 

Neither the antecedents nor consequouts of plant intelligences i 

iced ID pbysics. I 

In annual life, there is a two fold or bilateral intelligence, one i 

nscious, and the other conscious. 

-raer is very analogous to plant intelligence, its office bein<r 
nd use the forces ol nature te the purposes and ends ot iho 
nentand well being ol the individual, and the propagation of 

other side, not only Is there the higher principle of conscious-. 
eiinguish it, but also, the processes of thought, together with 
ies of volition and teeling. 

o sides, while partially independent in the same individual, are 
netln.e, intimately depcLdent. interactive, and reactive upon 

limed that physiological and muscular Torces are derived frniri 
«. Thus Prof. LeConle, in Conservation of Energy, Pago 199, 
Porce is only transferred and transtormeo. The plant druivu 
From the Sun, and therefore what the plant gains the Sun ior-ey. 
jraw from plants, and therefore what the animal kinudom 

vegetable kingdom loses. 

y, ns organic matter is bo mnch matter taken from the com- 

ot matter of i^anh and air, embodied for a brief space, to be 
death and decomposition returned to that common tund, so u I ■ 
Id seem that the oreatiic forces of the living bodies of plurit.-^ 
als may bo regarded as ao much force drawn from the comnion 
pbyuical and chemical forces, to be again all refunded by deuili 
npoaition," 

r. Spencer, says, First Principles, Page 209: "That animal 
nediately or mediately dependent on vegetal life, is a famtliiir 
.nd while the decomposition effected by the plant, is at the ox- 
certain forces emanating from the Sun, wluch are employed 
ming the affinities of carboa uni hydrogen for the jjsygcn 
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united with them; the re composition effected by the animal, is at the 
profit of thes*^ forces, which are liberated duing the combination of such 
elements. Thus the movements internal and external, of the animal, 
are resappearances in new forms of a power absorbed by the plant under 
the shape of light and heat. Just as, in the manner above explained, 
the solar forces expended in raising vapor from ihe sea's surface, are fc,iv- 
en oat again in the fall of rain and rivers to the same level and in tho 
accompanying transfer of solid matters; so, the solar forces that in the 
plant raised certain chemical elements to a condition of unstable equili- 
brium, are given out again in the actions of the animal during the fall of 
i these elements to a condition of stable equilibrium*" 

Prof. Liebig says : '*The elements of the food of men and animals 
^vbich give rise to power and heat are produced in living plants only 
by the action of sunlight. Tho rays of tho Sun becomes latent, so to 
Hpeak, in them in the same way as the current of electricity becomes 
latent in tho hydrogen by donomposition ot water. 

"Man, by food, not only maintains the perfect-structure of his bod3^, 
but he daily \&yB in a store of power and heat, derived in the first in- 
stanco from the Sun. This pov^er and heat, latent for a time, reappears 
and again becomes active when tholiving 8tructui;es are resolved by the 
vital processes into their original elements. 

*'The ruys of the Sun add daily to the store of indestructible forces of 
our terrestrial body, maintaining life and motion. Thus, from beyond 
tlie limits of our earth, the body, the more earthly vessel, derives all 
tbat may be called good in it, and of this not a single particle is ever 
lost." 

We have already seen, that the hj-pothesis that the solar rays are 
Btorcd in vegetable fiber, to reappear as heat in combustion, is without 
evidence to support it; and is, at best, but limitedly true. The proposi- / 
tion that such forces are stored in tho alftiminous products of plant-s,^^ 
stands on the same basis. And, if admitted. It does not demonstrate 
b}' an\ means, that they are converted into the forces of animal life. It 
seems highly probable, that animal heat is evolved by a kind of cora-» 
bustion, and if so, it comes more from the oxygen, than from the food 
products with which the latter may unite. But there are various other 
forces used in the animal economy, as capillary action, exosmosc, cn- 
dosmoso, chemicnl and molecular cohesion, electricity, etc. As wa?* re- 
marked in regard to vegetation, these are forces always present and 
ready to act upon the atoms and particles of matter, under appropriate 
conditions, no difference by what means such conditions are evoked ^ 
Their antecedents cannot be traced; they ace against gravity^ and are 
verionsly neutralized by such action and resistance, and in the same 
measure renewed. But in the animal, there is a new character of ener- 
orgy. muscular force, evolved immediately by the contraction of muscu- 
lar tissues. What causes such contraction? It would seem to be molec- 
ular cohesion or something near of kin to it. That it is not a meta-^ 
morphosis of heat, would seem to follow from the fact, that muscular 
action is always accompanied bj'^ an evolution of visible heat, and tho 
more violent the action, the greater the heat apparent. 

Muscular action, like all other ph3'siological functions, seems to bo 
the resultant of ordinary natural forcei, acting under an individuali::od 
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directive agency, as in tha plant. This agency is not a force, as wo 
have already seen, bat a higher principle, controlling and using natural 
forces, to definite ends. 

§ 67. In the animal as in the plant neither the antecedent nor con* 
fecquent of the intelligent or vital principle can be traced in physios. 

In First Principles, Page 217, Herbert Spencer says: •'Various 
classes of facts thus unite to prove that the law of metamorphosis which 
holds amongst the physical forces, holds equally between them and men- 
tal forces. Those modes of the unknowable which we call motion, 
heat, light, chemical affinity, &c?, are alike transformable into each oth- 
er, and into those moaes ot the unknowable which we distinguish as 
eensation, emotion, thought: these in their turns, being directly or in- 
directly retranfiformable into the original shapes. That no idea or 
ieeling arises, save as a result of some physical force expended in pro** 
ducing it, is fast becoming a common place in science; and whoever du-^ 
]y weighs the evidence will see, that nothing but an overwhelming bias 
in favor of a preconceived theory, can explain its non-acceptance. How 
this metamorphosis takes place — how a force existing as motion, heat^ 
or light, can become a mode of consciousness — how it is possible for 
aevial vibrations to generate the sensations we call sound, or for the for- 
ces liberated by chemical changes in the brain to give rise to emotion — 
these are mysteries which it is impossible to fathom. But they are not 
profounder mysteries than the transformations of the physical forces 
into each other. They are not more completely beyond our corapre«* 
hension than the natures of Mind and Matter. They have simply the 
same insolubility as all other ultimate questions. We can learn noth« 
ing naore than that here is one ot the uniformities in the order of phe^ 
nonema.'' 

The argument to this conclusion is too Jong to quote, but it is this, 
in short, that eyery mental effort, thought, feeling, or volition, is ac- 
companied by chemical and other changes and motions, in blood and 
brain, and bears a definite relation thereto} that is, that such mental ac^ 
tion results upon the expenditure of definite portions of physical energy. 

Now granting the premises, which seem to bo well established, does 
the conclnsion follow? And a more profound inquiry cannot be insti- 
tuted} for, if Mr. Spencer is correct, the mind becomes, at best, a mere 
abstraction. 

In the outset, 1 may remark^ that it will be admitted that there is 
strong reason for doubting Mr, Spencer's logical accuracy, when it is 
observed, that in this very extract, he confounds force and motionj 
classing the latter with the forces, heat, light and chemical affinity, as 
we have seen Prof- Grove doing, and as Dr. Youmans does in his intro- 
ductory to Grove's work. 

Now let us see what takes place in the brain. Certain physical forces 
act, producing motion, change of place m its particles. How? As all 
other motion is produced, the forces entering into and moving the par^ 
tides. What become of the forces after the panicles are moved, the 
change of place accomplished? They maybe neutralized by counter- 
acting forces^, or they may be GGmmunicated: to contiguous tegumemr 
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and walls, jast as may happen to similar forces in similar masses of 
dead matter. But something else takes place cbctaneouslj — sensationsi (hf 
emotions, volitions. Mr. Spencer says, a force existing as motion, heat, 
or light, is transformed into the thought, emotion, or volition. Now 
iorco produces or causes motion; it is not transformed into motion. 
Heat produces and measures motion, but is not motion, and not meta- 
morphosed into motion. Why shall it be said^ that although a force 
can produce motion, without becoming motion, yet it cannot produce 
an emotion, thought, or volition without becoming such? Certainly 
there is no logical necessity for any such conclusion in either case. 

But is it clear, that the action in the brain matter of chemical or oth- 
er forces, produces or causes the mental action at all? May it not be 
that this action in and upon the brain^ is not the cause but the occasion 
ot the thought or feelins:? It does produce one effect, the only effect 
that it can produce on other masses of matter, motion; are we under 
the necessity of thinking, in this case, that it has a double effect? a two 
fold action^ one like its ordinary action on other matter, and the other 
extraordinary and peculiar to brain matter? There is no contradiction 
in supposing the action ot one independent force, to be the invaiiable 
occasion upon which another independent force acts. Tbus, we may 
suppose that these chemical forces, acting upon the brain, by reasou of 
some inherent attribute or law independent of the mind, is nevertheless, 
taken by the mind, as the monitor or director of its actions, which, 
whon thes<) forces act in a certain way, takes occasion thereupon to 
think, and when they act in some other certain way, takes occasion to 
will, and so on. 

£ut IS it necessary to think that these forces do act independent of 
the mind at all? Is it not logical to suppose, that, when the mind would 
use the brain in thinking, or willing, or feeling, it calls these forces into 
action, uses them for its purposes^ and then dismisses them; just as 
when it would use the hand m writing, it summonses forces in the form 
of muscular contractions and relaxations, and puts them to work, and 
keeps them at it until it is done with them or they are exhausted? In 
eiiher case the amount offeree used would be the measure of work done. 
Ofcounel use the term Mind here as representing man's dual inteN 
ligenco. 

But admitting Mr. Spencer's doctrine, wherein does it help the theory 
of Conservation of Energy? When forces are correlated into thoughts 
and volitions, what then: How is any further change to be gotten out 
of them, any other mode ef force to be exti acted from them? Can a 
thought act on matter, take bold of It^ and whirl it into motion? Can 
a thought make a top spin, or violin string vibrate? Clearly not, be- 
cause the mind cannot grasp tLe conception of a thought, a mere parti- 
cle of knowledge, P^oing out, entering into, and driving matter through 
space. Therefore, if force can metamorphose into mental products, it is 
to be forever lost as force. But how is this answered? By giving to 
thought a kind of virtual power; by saying that thoughts inspire to 
deeds, and in that way, reinduco action; that is to say, that figuratively, 
or potentially, but not actually, thought is power or force. Now sci- 
ence has no use for figures of speech; and when ever any theory is forced 
to call upon them to bridge chasms, the sooner such theory is discarded 
Ibe better". But were such a course ot reasoning at all allowablOj still 
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there could be no quantitative relation between the force spent in think-|'. 
infj, and the product of thoue;ht, because tljere can be no ratio between • 
the effort of thinking and the wrought out results of the thought. 

JBut once more, the thought is itself impossible. It is possible to ' ' 
think of gold becoming bread, or milk, or meat, but not of its becoming , 
time. So, it is impossible to think of motion becoming force, or force, ^ 
motion, by a mind which has once accurately distinguished between the *" 
ideas. Equally so, it is impossible for such a mind to conceive of force, "■• 
or motion either, for that matter, being converted into thought, will or * ' 
feeling. 

h And now, I think, that it may well be replied to Mr. Spencer, that^ 
''whoever duly weighs the evidence will see, that nothing but an over- ' 
whelmng bias in favor of a preconceived theory, can explain its accep- 
tance," to wit, the correlation of physical forces with mental phenome- 
na. But duly weighing the evidence is the difficulty, since tbe words 
and terms used to balance it In the scales of reason, are wrongly marked' 
and numbered. 

If thought, will, and feeling, are but metamorphosed physical foices, 
there is no use for mind, for there is nothing tor mind to do. At mosL 
it becomes a bundle of cognitions, volitions, and emotions. 

Prof. Bain, is a Conservationist but I do not understand him to pUHh 
the theory to the extremity that Mr. Spencer does. He does not claim, 
as I understand him, that physical forces produce mind^ or mind pro- j 
ducts, but only that there are invariable and parallel correspondencef, 
between nervous and cerebral action on the one hand, aiid mental pro- •< 
cesses on the other; that every mental action is accompanied by a de- 
finite expenditure of brain force, but not measurable by our present ap^ 1 
pliances. This, as 1 have shown, may all very well be, without the ne- J 
cessity of thinking that such expended forces metamorphose either into * 
mind, or mind products; for it is entirely logical to suppose, either that ^ 
brain activities mark the occasions for mental action, or that the mind ^. 
acting as a director of all the forces of the physical body, causes tlioise i; 
cerebral actions in correspondence to, or as a means of, its own pro- 1.:' 
cesses. J 

1 think that I may say in conclusion that my arguments demonstrate ^r 
that two of the grand forces of nature, perhaps the two primordiiil 
forms of force, and perhaps indeed the originul and corroloiive form of ? 
all other forces, Gravitation and Molecular Cobesion, are constantly .J 
received forces by the material Cosmos from without, and that these \^ 
forces as well as muscular force and all other forms of motive force are «{. 
constantly under various circumstance« and in various ways exhausted | 
and dissipated. I think also that I have shown that in both plant and ' j.j 
animal life there are principles of a higher order than any form of fon.o^ y 
and which are not transformations or correlations of force, aid indeed {|| 
for which no correlations can be found m physics. * v 
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